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FIELD OF THE INVENTION 
This invention relates in general to hydrazidyl, bis*hydrazidyl and bis- 
5 aminomethyl carbonyl protease inhibitors, particularly such inhibitors of cysteine 
and serine proteases, more particularly compounds which inhibit cysteine proteases, 
even more particularly compounds which inhibit cysteine proteases of the papain 
superfamily, yet more particularly compounds which inhibit cysteine proteases of 
the cathepsin family, most particularly compounds which inhibit cathepsin K. Such 
10 compounds are particularly useful for treating diseases in which cysteine proteases 
are implicated, especially diseases of excessive bone or cartilage loss, e.g., 
osteoporosis, periodontitis, and arthritis. 

BACKGROUND OF THE INVENTION 

15 Cathepsins are a family of enzymes which are part of the papain superfamily 

of cysteine proteases. Cathepsins B, H, L, N and S have been described in the 
literature. Recently, cathepsin K polypeptide and the cDNA encoding such 
polypeptide were disclosed in U.S. Patent No. 5,501,969 (called cathepsin O 
therein). Cathepsin K has been recently expressed, purified, and characterized. 

20 Bossard, M. J., et al., (1996) / Biol. Chem. 271, 12517-12524; Drake, F.H., et al., 
(1996) y. BioL Chem. 271, 1251 1-12516; Bromme, D., et al., (1996) J. Biol Chem, 
271,2126-2132. 

Cathepsin K has been variously denoted as cathepsin O or cathepsin 02 in 
the literature. The designation cathepsin K is considered to be the more appropriate 
25 one. 

Cathepsins function in the normal physiological process of protein 
degradation in animals, including humans, e.g., in the degradation of connective 
tissue. However, elevated levels of these enzymes in the body can result in 
pathological conditions leading to disease. Thus, cathepsins have been implicated as 
30 causative agents in various disease states, including but not limited to, infections by 
Pneumocystis carinii, trypsanoma cruzi, uypsanoma brucei brucei, and Crithidia 
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fusiculata; as well as in schistosomiasis, malaria, tumor metastasis, metachromatic 
leukodystrophy, muscular dystrophy, amytrophy. and the like. See International 
Publication Number WO 94/04172, published on March 3, 1994, and refeiences 
cited therein. See also European Patent Application EP 0 603 873 A 1 , and 
5 references cited therein. Two bacterial cysteine proteases from P. gingivallis, called 
gingipains, have been implicated in the pathogenesis of gingivitis. Potempa, J., et 
al. (1994) Perspectives in Drug Discovery and Design, 2, 445-458. 

Cathepsin K is believed to play a causative role in diseases of excessive bone 
or cartilage loss. Bone is composed of a protein matrix in which spindle- or plate- 
10 shaped crystals of hydroxyapatite are incorporated. Type I collagen represents the 
major structural protein of bone comprising approximately 90% of the protein 
matrix. The remaining 10% of matrix is composed of a number of non-collagenous 
proteins, including osteocalcin, proteoglycans, osteopontin, osteonectin, 
thrombospondin, fibronectin, and bone sialoprotein. Skeletal bone undergoes 
15 remodelling at discrete foci throughout life. These foci, or remodelling units, 

undergo a cycle consisting of a bone resorption phase followed by a phase of bone 
replacement. 

Bone resorption is carried out by osteoclasts, which are multinuclear cells of 
hematopoietic lineage. The osteoclasts adhere to the bone surface and form a tight 

20 scaling zone, followed by extensive membrane ruffling on their apical (i.e., 

resorbing) surface. This creates an enclosed extracellular compartment on the bone 
surface that is acidified by proton pumps in the ruffled membrane, and into which 
the osteoclast secretes proteolytic enzymes. The low pH of the compartment 
dissolves hydroxyapatite crystals at the bone surface, while the proteolytic enzymes 

25 digest the protein matrix. In this way, a resorption lacuna, or pit, is formed. At the 
end of this phase of the cycle, osteoblasts lay down a new protein matrix that is 
subsequently mineralized. In several disease states, such as osteoporosis and Paget*s 
disease, the normal balance between bone resorption and formation is disrupted, and 
there is a net loss of bone at each cycle. Ultimately, this leads to weakening of the 

30 bone and may result in increased fracture risk with minimal trauma. 



2 
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Several published studies have demonstrated that inhibitors of cysteine 
proteases are effective at inhibiting osteoclast-mediated bone resorption, and 
indicate an essential role for a cysteine proteases in bone resorption. For example, 
Delaisse, et al, Biochem. 7., 1980, 192, 365, disclose a series of protease inhibitors 
S in a mouse bone organ culture system and suggest that inhibitors of cysteine 

proteases (e.g., leupeptin, Z-Phe-Ala-CHN2) prevent bone resorption, while serine 
protease inhibitors were ineffective. Delaisse, et aL, Biochem. Bhphys, Res. 
Commun., 1984, 725, 441, disclose that E-64 and leupeptin are also effective at 
preventing bone resorption in vivo, as measured by acute changes in serum calcium 
10 in rats on calcium deficient diets. Lemer, et al^ /. Bone Min. Res., 1992, 7, 433, 
disclose that cystatin, an endogenous cysteine protease inhibitor, inhibits PTH 
stimulated bone resorption in mouse calvariae. Other studies, such as by Delaisse, 
et ai. Bone, 1987, 8, 305, Hill, et aL, J. Cell Biochem., 1994, 56, 1 18, and Everts, 
et al, / Cell Physiol, 1992, 150, 221, also report a correlation between inhibition 
15 of cysteine protease activity and bone resorption. Tezuka, et al, /. Biol Chem., 
1994, 269, 1 106, Inaoka, etal, Biochem. Biophys. Res. Commun., 1995, 206, 89 
and Shi, etal, FEBSLett., 1995, 357, 129 disclose that under normal conditions 
cathepsin K, a cysteine protease, is abundantly expressed in osteoclasts and may be 
the major cysteine protease present in these cells. 
20 The abundant selective expression of cathepsin K in osteoclasts strongly 

suggests that this enzyme is essential for bone resorption. Thus, selective inhibition 
of cathepsin K may provide an effective treatment for diseases of excessive bone 
loss, including, but not limited to, osteoporosis, gingival diseases such as gingivitis 
and periodontitis, Paget*s disease, hypercalcemia of malignancy, and metabolic bone 
25 disease. Cathepsin K levels have also been demonstrated to be elevated in 

chondroclasts of osteoarthritic synovium. Thus, selective inhibition of cathepsin K 
may also be useful for treating diseases of excessive cartilage or matrix degradation, 
including, but not limited to, osteoarthritis and rheumatoid arthritis. Metastatic 
neoplastic cells also typically express high levels of proteolytic enzymes that 
30 degrade the surrounding matrix. Thus, selective inhibition of cathepsin K may also 
be useful for treating certain neoplastic diseases. 
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Several cysteine protease inhibitors are known. Palmer, (1995) / Med 
Chenu, 38, 3193, disclose certain vinyl sulfones which ineversibly inhibit cysteine 
proteases, such as the cathepsins B, L. S, 02 and cnizain. Other classes of 
compounds, such as aldehydes, nitriles, a-ketocarbonyl compounds, halomethyl 
5 ketones, diazomethyl ketones, (acyloxy)mcthyl ketones, ketomethylsulfonium salts 
and cpoxy succinyl compounds have also been reported to inhibit cysteine proteases. 
See Palmer, id, and references cited therein. 

U.S. Patent No. 4,518,528 discloses peptidyl fluoromethyl ketones as 
iireversible inhibitors of cysteine protease. Published International Patent 
10 Application No. WO 94A)4172, and European Patent Application Nos. EP 0 525 
420 Al, EP 0 603 873 Al, and EP 0 61 1 756 A2 describe alkoxymethyl and 
mercaptomethyl ketones which inhibit the cysteine proteases cathepsins B, H and L. 
International Patent Application No. PCTAJS94/08868 and and European Patent 
Application No. EP 0 623 592 Al describe alkoxymethyl and mcrraptometiiyl 
15 ketones which inhibit tiie cysteine protease DL- 1 P convertase. Alkoxymethyl and 
mercaptomethyl ketones have also been described as inhibitors of the serine protease 
kininogenase (International Patent Application No. PCT/GB9 1/0 1479). 

Azapeptides which are designed to deliver the azaamino acid to the active 
site of serine proteases, and which possess a good leaving group, are disclosed by 
20 Elmore et al., Biochem. /, 1968, 107. 103, Garker et al, Biochem. /, 1974, 139, 
555, Gray et al. Tetrahedron, 1977, 33, S37, Gupton et ai. 7. Biol. Chem., 1984, 
259, 4279, Powers et al, J. BioL Chem., 1984, 259, 4288. and arc known to inhibit 
serine proteases. In addition, / Med. Chem., 1992, 35, 4279, discloses certain 
azapeptide esters as cysteine protease inhibitors. 
25 Antipain and leupeptin are described as reversible inhibitors of cysteine 

protease in McConnell et al., 7. Med. Chem., 33, 86; and also have been disclosed as 
inhibitors of serine protease in Umezawa et al.. 45 Meth. EnzymoL 678. E64 and its 
synthetic analogs are also well-known cysteine protease inhibitors (Banett, 
Biochem. 7, 201, 189, and Grinde. Biochem. Biophys. Acta, , 701, 328). 
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U.S. Patent No. 5,142,056 describes 1,3-diamido-propanones which inhibit 
HIV protease. 13-diamido-propanones have also been described as analgesic agents 
(U.S. Patent Nos.4,749 J92 and 4,638,010). 

Certain heterocyclic derivatives of amino acids have been disclosed in the 
5 art. For instance, Hamada, et al, PEPTIDE CHEMISTRY, 1983. Proceedings of the 
21st Symposium on Peptide Chemistiy (1984), and Boden, etaL^ Tet. Lett,, 1994, 
J5, 8271 (1994) disclose thiazole derivatives; and Borg, et al, 1995, 60, 31 12, 
disclose oxadiazole and triazole derivatives. 

The synthesis of azatides (polyacylhydrazides) as peptide mimetics has 
10 recently been disclosed by Han and Janda, 7. Am. Chem. Soc. 1996, 118, 2539. 

Thus, a structurally diverse variety of cysteine protease inhibitors have been 
identified. However, these known inhibitors are not considered suitable for use as 
therapeutic agents in animals, especially humans, because they suffer from various 
shortcomings. These shortcomings include lack of selectivity, cytotoxicity, poor 
15 solubility, and overly rapid plasma clearance. A need therefore exists for methods 
of treating diseases caused by pathological levels of cysteine proteases, including 
cathepsins, especially cathepsin K, and for novel inhibitor compounds useful in such 
methods. 

We have now discovered a novel class of hydrazidyl, bis-hydrazidyl and bis- 
20 aminomethyl carbonyl compounds which are protease inhibitors, most particularly 
of cathepsin K. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide hydrazidyl, bis-hydrazidyl 
25 and bis-aminomethyl carbonyl protease inhibitors, particularly such inhibitors of 
cysteine and serine proteases, more particularly such compounds which inhibit 
cysteine proteases, even more particularly such compounds which inhibit cysteine 
proteases of the papain superfamily, yet more particularly such compounds which 
inhibit cysteine proteases of the cathepsin family, most particularly such compounds 
30 which inhibit cathepsin K, and which are useful for treating diseases which may be 
therapeutically modified by altering the activity of such proteases. 
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Accordingly, in the first aspect, this invention provides a compound 
according to Formula I. 

In another aspect, this invention provides a pharmaceutical composition 
comprising a compound according to Formula I and a pharmaceutically acceptable 
5 carrier, diluent or excipient. 

In yet another aspect, this invention provides a method of treating diseases ii 
which the disease pathology may be Uicrapeutically modified by inhibiting 
proteases, particularly cysteine and serine proteases, more particularly cysteine 
proteases, even more particularly cysteine proteases of tiie papain supeifamily. yet 
10 more particularly cysteine proteases of the caUiepsin family, most particularly 
cathepsin K. 

In a particular aspect, the compounds of this invention are especially useful 
for treating diseases characterized by bone loss, such as osteoporosis and gingival 
diseases, such as gingivitis and periodontitis, or by excessive cartilage or matrix 
1 5 degradation, such as osteoarthritis and rheumatoid arthritis. 

DETAILED DESCRIPTION 

The present invention provides compounds of Formula I: 



20 D C- 

I 

wherein: 




6 
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7 



where: 

O 



A = absent. 

R8 




L = C2.6alkyl, Ai-Co..^l Het-Co-6aIkyl. CH(R^)NR«>r68, 

CH(R66)Ar. CH(R66)OAr'. NR66r67; 
M = C(0).S02; 
G = 

X-Y 

J = C(0). SO2; 

T = Ar.Het: 

V = C3-7cycloalkyl: 

W = H, -CN, .CF3, -NO2. -C0R7. -CO2R6, -CONHR6. 

-SO2NHR6, .NHS02R^, -NHCOR7. -O-COR^, -SR^ 

NR*r6 NR'(C=NH)NHR5. CI, Br, I, F; 
X = Y = Z = N,0,SorCR4 
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provided that at least two of X, Y and Z are heteroatoms 
and at least one of X, Y and Z is N, or one of X, Y and Z is 
C=N. C=C or N=N and the other two are CR^ or N, 
provided that X, Y and Z together comprise at least two N; 

~ indicates a single or double bond in the five-membered 

heteiocyde; 

msO, 1.2; 

n s 1 to 6; 

♦ = 0.1,2; 

Ar = phenyl, n^bthyl. optionally substituted by one or more of 
Ph-Co.6alkyl. Het-Co-6alky*. Ci.6alkoxy. Ph-Co.6alkoxy, 
Het-Co.6alkoxy. OH, (CH2)i-6NR58r59, 

0(CH2)i.6NR58r59: 
Ar' = phenyl or naphthyl, optionally substituted by one or more of 

Ph-Co-6ailtyl. Het-Co.6alkyl, Ci.6alkoxy. Ph-q).6alkoxy. 

Het-Co.6alkoxy, OH, (CH2)i.6NR58r5^. 

0(CH2)i-6NR^^R^^. or halogen; 
R" = H, Ci-6alkyl, Ar-Co.6alkyl, Het-Co.6alkyl; 
Rl = H.Ci-6allcyl; 
r2 =: C4-6alkyl, C4-6alkenyl, benzyl; 

r3 = Ci-ealkyi. Ar-Co-ealkyl, Het-Co-^yl, R^CO-, r5s02-, 

r50C(0)-, r5nHCO-; 
R* = H, Ci.6alkyl. Ar-Co-ealkyl, Het-Cb-ealkyl; 
r5 = Ar-o.6all7l. Het-Co-fiaU^*: 

r6 = H, Ci.6alkyl, CH2CF3, Ar-Co.6alkyl. Het-Co.6alkyl; 

r7 = Ci.6alkyl. Ar-Co^alkyl, Het-Co.^alkyl; 

r8 = H; C2-6 alkenyl; C2.6all^yl; Het; Ar; Ci^alkyl, 

optionally substituted by OR*. SR'. NR'2. CO2R'. 

C02NR'2. N(C«NH)NH2. Het or Ar; 
r9 = H, Ci.6alkyl. Ar-Co.6alkyl, Het-Co.6alkyl; 
RlO = Ci^kyl, Ar-Qj-ealkyl. Het-Co.6alkyl; 
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* = H. Ci-ealkyl. Ar.Ci.6alkyl, Het-Co-galkyl. or 
R'V-N^ . 

♦ 

Rl2 = H. Ci.6alkyl. Ar-Cb-fialkyl. Het-Co-6aJkyl: 
RJ3 = H. Ci.6alkyl. Ar-C^galkyl, Het-Co^alkyl; 



R" 



Rl4 = -^N-R«ft« Ac; 
Rl5 = H, Ci.6alkyl, C2.6alkenyl. C2.6alkynyl, Ar. Het. or 
Ci.5alkyl optionally substituted by OR^, NR^2' 
CONR^j, N(C=NH)NH-. Het or Ar; 
R^^ = C2.6alkyl, C2.6alkcnyl, C2.6aikynyl. Ar. Het. or C2.6alkyl 
optionally substituted by OR^, SR^ NR^j, C02R^, 
CONR92, N(C=NH)NH-. Het or Ar; 
Rl9 = H, Ci.6alkyl. C2.6alkeiiyl. C2.6alkynyl. Ar, Het, or Ci. 
galkyl optionally substituted by OR^ SR^, NR52. C02R^. 
CONR92. N(C=NH)NH-. Het or Ar. 

r17 = r72 = H, Ci.6alkyl. rW. rIOqok R><>C(S)-. R10oC(0)-; 

r21 = r26 _ cs-aalkyl; C2-6aIkenyl; C3.I icycloalkyl; T-C3. 
6alkyl; V-Ci-galkyl; T.C2.6alkenyl; 
T- (CH2)nCH(T)(CH2)n; optionaUy substituted by one or 
two halogens. SR20, OR20j^20r27 Ci-4alkyl; 

r27«r28co,r28oCO; 

R28 s Ci-ealkyl; C3- 1 icycloalkyl; Ar, Het; T-Ci-6alkyl; 

T-(CH2)nCH(T)(CH2)n: optionally substituted by one or 
two halogens. SR20, OR20, NR20r73^ Ci-ealkyl; 

r20 = r22 = r23 = r24 = r25 = r73 = h. Cj^alkyl. At-Cq. 
6alkyl.Het-Co.6alkyl; 
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R29 = 




Cbz-leucinyl-; 2-. 3*, or4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-iinidazole acetyl-leucinyl-, phenyl acetyl- 
leucinyU N J4-diinethyl-glycinyl leucinyl, 4-pyridyl acetyl- 
10 leucinyl, 2-pyridyl suIftmyMeucinyl, 4-pyridyl carbonyl- 

leucmyl« acetyl-leucinyU benzoyHeucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyi-, biphenyl acetyl, 

11 
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alpha- isobutyl-biphenyl acetyl. Cbz-phenylalaninyl. Cbz- 
norleucinyl-, Cbz-norvalinyl-. Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-Jeucinyl-, 6- or 8- quinoline 
carbonyl. biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl. 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl- 
aminoacid-; aiyl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaiyl CQ-Cgalkyloxy carbonyl-amino acid-. 

Co-Cealfcyloxy carbonyl-amino acid-, 
heteroaiyl CQ-Cgalkyloxy carbonyl-amino acid-, C|- 
CgaJkyloxy carbonyl-amino acid-; Ci -Cgalkyl carbonyl. aiyl 
Co-Cfialkyl carbonyl. heteroaiyl Co-Cgalkyl carbonyl. 
aiyl Co-Cgalkyl carbonyl. heteroaryl CQ-Csalkyl caibonyl. 
Ci-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaiyl 
Co-Cealkyl sulfonyl. aiyl CQ-Cealkyl sulfonyl, heteroaiyl 
Co-Cgalkyl sulfonyl; 



-H,Ci-6alkyI: 
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Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycaifoonyl- 
leucinyl-; 4-iinidazole acetyl-leucinyl-, phenyl acetyl- 
leucinyL N^N-dimethyl-glycinyl leucinyl, 4-pyridyl acctyl- 
leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl caibonyl- 
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl 

13 
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alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-. Cbz-norvaiinyl-. Cbz-glutamyl-, Cbz-epsilwi- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
caibonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyi- 
aminoacid-; aiyl CQ-Cgalkyloxy caibonyl-amino acid-, 
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-, 
aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl CQ-Cgalkyloxy carbonyl-amino acid-, Cj- 
Cgalkyloxy carbonyl-amino acid-; Ci-Cgalkyl carbonyl, aryl 
Co-Cgalkyl carbonyl, heteroaryl Co'Cealkyl carbonyl, 
aryl CoCeaU^yl carbonyl, heteroaiyl Qj-Cgalkyl carbonyl, 
C]-C6alkyl sulfonyl, aiyl CQ-C^alkyl sulfonyl. heteroaryl 
Co-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaiyl 
CQ-Cgalkyl sulfonyl; 

R32 = 0CH2Ar, 0CH2Ci^alkyl, aryl subsUtuted Co-galkyl. 

heteroaiyl substituted Co-5allcyl,4-imidazole methylene; 2-. 
3-, or 4-pyridylmethylneneoxy; 4-pyiidyl methylene, 2- 
pyridyl sulfonyl, 4-pyridyl, aryl substituted Co-6al>^yloxy. 
heteroaryl substituted Co-6a"^yloxy; 

R33 = Ci-6alkyl, .CH2Ph, -CH2CH2CO2R34; 

R34 = .H,Ci-6alkyl; 

r35 = Ar, HetAr; 

r36 - Aryl, heteroaryl, pyridyl. isoquinolinyl; 
R37= Ci-galkyl. -CH2Ph. -CH2CH2CO2R34; 
r38 = Cbz; Ci-galkyl or aryl substituted 
Cbz; Ci-galkyl -CO; benzoyl; Ci-^alkyl or aryl 
substituted benzoyl; 
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R39 = 




Cbz-leucinyl-; 2-, 3-. or 4-pyiidyl methyloxycarfoonyl- 
leucinyl-; 4-iinidazole acetyl-leucinyl-, phenyl acetyl- 
leucinyl, NJ^-diinethyl-glycinyl leucinyl, 4-pyri(lyl acetyl- 
10 leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl caibonyl- 

leucinyl, acetyl-Ieucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

15 



alpha- isobutyl-biphcnyl acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-, Cbz-norvalinyl-, Cbz-gluiamyl-, Cbz-cpsilon- 
(t-bulyl ester)-glutamyl; acctyl-Ieucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl- 

aminoacid-; aryl CQ-Cgalkyloxy carbonyl-amino acid-, 

heteroaryl CQ-Ceallcyloxy carbonyl-amino acid-. 

aryl CQ-Cgalkyloxy carbonyl-amino acid-,heteroaiyl 

Co-Cgalkyloxy carbonyl-amino acid-, Cj-Cgalkyloxy 

carbonyl-amino acid-; Ci-CgalkyI carbonyl, aryl 

Co-Cealkyl carbonyl, heteroaryl Co-Cgaikyl carbonyl, 

aryl Co-Cgalkyl carbonyl. heteroaryl CQ-Cgaikyl carbonyl, 

Ci-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryl 

Co-CsalkyI sulfonyl. aiyl Co-C5alkyl sulfonyl, heteroaryl 

Co-CgalkyI sulfonyl; 

R^ = HandCi-6alkyl; 

R41=HandCi-6alkyl; 
R42. 

C]-6alkyl, aiyl substituted Ci-galkyl and hetero aiyl 
substituted Cj-gaUgrl,; H when R'*3 is Ci-6alkyl, aiyl substituted 
Ci-galkyl; and heteroaiyl substituted Ci-galkyl; 
R^^ = Ci-6alkyl, aryl substituted Cpsalkyl and hetero aryl 
substituted Cj-ealkyl,; H when r42 is Cj-galkyl. aryl substituted 
Ci-galkyl; and heteroaryl substituted Cj-galkyl; 
r44 = CH(R53)NR45r54^ CH(R55)Ar. C5.6alkyl; 
r45 = r46 = r47 = r48 = r49 = r50 = r51 = H. Ci.6alkyl. 

Ar-Co-6alkyl. Het-Co-ealkyl; 

R52 = Ar, Het. CH(R56)Ar, CH(R56)OAr. N(R56)Ar, Ci.6alkyl. 
CH(R56)NR46r57; 
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R^^ = C2.6alkyi, Ar-Co-ealkyl. Het-Co-ealkyl. 

may be connected to fonn a pyrrolidine or 

piperidine ring; 
r54 = r57 = r47^ r47c(0), r47c(S). r470C(0); 
r55 s r56 - r58 = r59 = h, Ci^alkyl, Ar-Co.6alkyl, Het-Co- 

ealkyl; 

R60 = r61 - r62 - r63 = r64 - h. Ci.6alkyl. 

Ar-Co-fialkyl. <» Het-q).6alkyl; 
r65 = Ci.6alkyl, Ar. Het, CH(R69)Ar. CH(R69)OAr, N(R69)Ar, 

CH(R69)NR61r70; 

r66 = r69 s r71 = H, Ci.ffiky\, (CH2)o.6-C3.6cycloalkyl. 
Ar-Co-ealkyl, Het-Co-6alkyl: 

R67 = Ci.6alkyl. (CH2)o.6-C3^cycloalkyl, Ar-Co.6allcyl, 

Het-Co.6alkyl; r66 and r67 may be combined to form 

a 3-7 membered monocyclic or 7-10-membercd bicyclic 

carbocyciic or heterocyclic ring, optionally substituted with 

M of Ci.6allcyl, Ph-Co^galkyl, Het-Co^galkyl, Cj.galkoxy, 

Ph-Co-ealkoxy. Het-Co-galkoxy, OH, (CH2)i.6NR^^R^^. 
0(CH2)i.6NR58r59; 

r68 ^ r70 ^ r62^ r62c(0), r62c(S), r620C(0). 

R62oC(0)NR59cH(R71)(CO); 

and pbarmaceutically acceptable salts thereof. 

The compounds of Formula I are hydrazidyi, bis-hydrazidyl and bis- 

aaiinomethyl carbonyl compCMjnds having in common key structural features 

required of protease substrates, most particularly cathepsin K substrates. These 

structural features endow the present compounds with the appropriate molecular 

shape necessary to fit into the enzymatic active site, to bind to such active site, and 

to react with a sulfhydryl group on the active site, thereby blocking the site and 

inhibiting enzymatic biological activity. Referring to Formula I, such stmctural 

features include the central electrophilic carbonyl, a peptidyl or peptidomimetic 

molecular backbone on either side of the central carbonyl, a terminal 
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carbobenzyloxy moiety (e.g.. Cbz-leucinyl). or a mimic tliereof. on the backbone c 
one or both sides of the carbonyl, and optionally, an isobutyl side chain extending 
from the backbone on one or both sides of the carbonyl. 



10 



R 

3 I 

Compounds of Formula I wherein D = and Q = 

R Y-Y 
pi 

are preferred embodiments of the present invention. For the 
sake of convenience, such compounds are referred to herein after as compounds of 
Fonnula II. 

More preferred embodiments of the present invention include compounds of 
Fonnula n wherein: 

X=S.Y=CH.andZ=:N; 

X=CH. Y=S,andZ=N; 

X=N.Y=N,andZsS; 

15 X«N.Y=N.andZsO;and 

XsN.YsN.andZsN. 

Preferably r1 is H. methyl or isobutyl. Preferably r1 is isobutyl. 
Preferably r2 is isobutyl or benzyl. 
Ptcferably r3 is r5oc(0).. particularly benzyloxycarbonyl. 
Preferably A is a D- or L- amino acid or is absent, preferably A is absent. 
Preferably W is CN. NHR6. SR6 CONHR^ or CO2R6. Suitably r6 is H. 
Ci^alkyl. phenyl or benzyl. Typically, W is CO2H, C02-Ci^alkyl, C02-Ph. CO,- 
CHaPh, CONH2. NH2 or SH. 



20 
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xti%^ Auiii/wiii^ cuui|Aiuiiu5 ui ruiiiiuia ix utc pariicuiariy pieieireu: 
(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-I r-(2-carboxythiazol-4-yl)-3 - 
methylbutyl]-4-methylpentanamide ; 

(2S, 1 •S)-2-(ben2yloxycarbonyl)ainino-N-[l H2-carboxainidothiazol-4-yl)0^ 
5 methylbutyl]-4-methylpentanamide; 

(2S, 1 'S)-2-(benzyloxycarbonyI)amin()'N-[r-(2H:ari)oethoxythiazoI-4-yO 
methylbutyl]-4*inethylpentanainide; 

(2S,rS)-2-(benzyloxycarbonyl)amino-N-[r-(2-cyanothiazol^yl)-3-incA^^ 
4-methylpentanainide; 

10 (2S, 1 •S)-2-(benzyloxycarbony l)amino-N-[ I '-[2-(N -benzylcarboxainido)thiazol-4- 
yl]-3-inethylbutyl]-4-inethylpentanainide; 
(2SJ•S)-2-(ben2yloxyca^bonyI)alIuno-N-[^•[2-[^P-(3. 

metbylpiopyl)carboxamido]thiazo]-4-yl)]-3-metbylbutyn 
(2SJ'S>2-(ben2yloxycarbonyl)ainino-N-[r-[2-(NH2- 
15 phenyIethyl)carboxaimdo]tUazoI-4-yl)].3'-inethylbutyl]^ 
(2S,rS)-2-(bciizyJoxycarbonyl)aiiimo-N-[lM4-carboethoxyt^ 
methylbutyl]-4-iiiethylpentananiide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)ainino-N-[ I •-(4-cart>oxythiazol-2-yl)-3'- 
inethyIbutyl]-4-inethylpentanamide; 
20 (2S,rS)-2-(benzyloxycarbonyl)ainino-N-[l-(4-carboethoxythi 
methylbutyl]-4-methylpentanainide; 

(2S, 1 •S>2-(benzyloxycarbonyl)amino-N-[ 1 •-(2-carbo-2.2,2-lrifluoroethoxythia2ol- 
4-yl)-3'-methylbutyl]-4-niethylpentananiide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 *-(4-carbocthoxyoxadiazol-2-yl)-3'- 
25 methylbutyl]-4-methylpentanainide; 

(2S , 1 'S)-2-(benzyloxycarbonyl-L-leucinyl)aniiiio-N-[ 1 -(4-carboethoxythiazol-2-yl)- 
3*-methyIbutyl]-4*methylpentanamide; 

(2S » 1 •S)-2-(benzyioxycarbonyl)amino-N-[ 1 -(4K:arboxamidooxadiazol-2-yi)-3 - 
methylbutylJ-4-nicthylpentanainide; 
30 (2S, 1 •S)-2-(bcn2yloxycart)onyl)ainino-N-[ 1 -(2-carbocthoxythiazol-4-yl).3 - 
methylbutyl]-3-phenylpFopanainide; 
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(2S, 1 *S)-2-(benzyIoxycarbonyl-L-leucinyl)aiiuno-N-1 1 -(2'Carbocthoxyihiazol-4.yl)- 
3'-methylbutyl]-4-methyIpentananiide; 

(2SJ'S)-2-(benzyloxycarbonyl)anuno-N-[lX5-meicapto-l,2.4-oxadiazoIO-^^ 
methylbuty]]-4-inethyIpentanainide; 

(2S,rS)-2-(benzyloxycarlx)nyl)amino-N-[l'-(2-mercaptorluazol-4-yl)0'^ 
methylbutyl]-4-methylpentanamide; 

(2S)-2-(benzyloxycarbonyl)animo-N-(4K:arboethoxy^ 
methy^ntanamide; 

(2SJ*S)-2-(ben2yloxycarbonyl)ainino-N-ir<2-bcn2yloxycai^ 
methylbutyl]^inethylpentanamide; 

(2SJ'S)-2-(benzyloxycarbonyl)ainino-4-nic%l-N.[3-me&^^ 

phenoxycarbonylthia2ol-4-yl)butyl]pentanainide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)ainino-4-methyl-N-[3 -meth^^ 1 '-[2-(2- 

methylpropyloxycarbonyl)thiazol-4-yI]butyI]pentanaiiiide; 

(2R, 1 'S)-2-(bcn2yloxycaibonyl)amino-N-[ 1 H4-carboethoxythiazol-2-yl)cthyll-4- 

methylpentanamide; 

(2R, 1 'R)-2-(bcnzyloxycarbonyl)amino-N-( 1 •-(4-carbocthoxythiazol-2-yl)ethyll-4- 
methylpentanamide; and 

(2S» 1 'S)-N-[ 1 '-(2-aininothia2oM-yl)0'-methylbutyl]-2-(bcnzyloxycarbonyl)a^ 
4-inethylpentanainide. 

Most particularly preferred compounds oif Formula n are: 
(2S,rS)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(2-carboethoxythiazol-4-yl)-3'- 
methylbutyl]-4-melhylpentanamidc; 

(2S , 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 -(4-carboeihoxythia2ol-2-yl)-3'- 
methylbutylj^mcthylpentanamide; and 

2S . 1 'S)-2-(benzy loxycarbonyl-L-leucinyl)amino-N-[ 1 '-(4-carboethoxythia2ol-2-yl)- 
3-methylbutyl]-4-methylpentananiide. 
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ol2o q13 

Compounds of Fonnula I wherein D = ^ and Q = " 
are preferred embodiments of the present invention. For the sake of convenience, 
such compounds are referred to herein after as compounds of Formula m. 

With respect to compounds of Formula ni: 
Preferably B is 

N-N N-N ^ 

yV. 

O i-Bu 

More preferably B is // , \\ // or 

N — ' ^— N O l-Bu 



-RllisR^R'-N-^. 



Preferably 1 
Preferably R^^ and r13 are H. 



R" 

is ^n-r«r" 



Preferably R^^ , 
Preferably rI5, r16 r18 and R^^ axe Ci-6alkyl. 
More preferably R^^ and R^8 are C4.6alkyl- 

Preferably Ar is phenyl optionally substituted by one or two groups chosen from 
halogen. CF3, NO2, SR9 OR^. NR9 or CMalkyl. 

Preferably R^^ and R^^ are rIOoC(O)-; and more preferably R^O is Ar-CMalkyl. 
Preferably, R^^ and R^^ are C4-6alkyl; mcwe preferably, R^6 and r19 are i-Bu. 
Preferably R^' and R'^^ are Cbz. 
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One particular embodiment of the invention of Formula III is a compound of 
Formula F: 

Ri« n Rid 



X=Y O 
F 

5 wherein X, Y. Z, rI^. rJ7. r19 and VO'^ are as described in Formula m. 
Most particularly preferred compounds of Formula m are: 
( 1 S)-N-[4-[( 1 -bcnzyloxycarbonylamino)-3-methylbutyllthia2ol-2-ylcarbonyll-N- 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 

N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L- 
1 0 leuciny Ihy drazide ; and 

( I S)-N-[2-[( 1 -benzyIoxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N*- 
(N*benzyloxycarbonyl-L-leucinyl)hydrazide. 

If 

Compoundsof Formula I wherein D= ^ " andQ = 

R 

R O 

15 are preferred embodiments of the present invention. For the sake 

of convenience, such connpounds are referred to herein after as compounds of 
Formula IV. 

A more preferred embodiment of the present invention is a compound of 
Fomiula IV wherein R^l and R^^ are selected from the group consisting of: 
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N-Cbz-leucinyl. N-Cbz-glycinyi, N-acetyl-leucinyl, N-Cbz-alanyl, 




and R22, r23, r24 and R25 are H. 

Particularly preferred embodiments of Formula IV are: 



2,2*-(NJ^'-bis-beiizyloxycarbonyI-L-leuciiiyl)carbohydrazide; 
2,2**(NJ4'-bis-cyclohexylacetyl)caibohydrazide; 
2,2*-(NJ4'-bis-4-methylpentanoyl)carbohydrazide; 
2,2-(N,N*-bis-cyclopentylacetyl)carbohydrazide; 
10 2,2-{N,N-bis-bcnzyloxycarbonylglycinyi)carbohydra2ide; 
2,2-(N,N'-bis-acetyl-L-leucinyl)carbohydrazide; 
2,2-(N,N'-bis-ben2yloxycarbonyl-L-alanyl)carbohydrazide; and 
2-(N'benzyloxycarbonyl-L-leucinyl)-2*-[N'-(4-metbylpentanoyI)]carbohydrazide. 

IS 2,2 -(N,N'-bis-benzyloxycarbonyl-L*]eucinyl)carbohydrazide is a 

most preferred embodiment of Formula IV. 



are preferred embodiments of the present invention. For the sake of convenience, 
20 such compounds are referred to herein after as compounds of Formula V. 

In more preferred compounds of Formula V, when R^QsrCpCg alkyl, r30 is 
preferably Me or •CH2CH2Me2. When R^^:=CyC6 alkyl, r33 is preferably -Pr, - 
Bu, or -CH2CH2Me2. When r34=Ci-C6 alkyl, r34 is preferably -r-Bu. 




i30 



Compounds of Formula I wherein D = 



andQs 




Even more preferred embodiments of Formula V include: 



bis-(Cbz-leucinyl)- 1 ,3-diamino-propan-2-one; 

bis- 1 ,3-(4-phenoxy-benzoyl)-diamino-propan-2-one; 
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l-(Cbz-leucinyl)-ainino-3«(acetyl-leucinyl)-amino-propan-2-one; 
l-(Cbz-leucinyl)-ainino-3'{Cbz-glutamyl-l-butyl ester)'amino-propan-2-one; 
l-(Cb2-leucinyl)-amino-3-(Cbz-gIuramyl)-ainino-propan-2-one; 
bis- 1 ,3-(Cbz-leucinyl)-diainino-(S)-butanone-2-one; 
5 l-(Cb2-leucinyl)-aininoO-(Cbz-phenylalanyI)-ainino-propan-2-onc; 
l-(Cbz-IeucinyI)-aniino-3-(Cbz-norleucinyl)-aiiiino-piopan-2-one; 
l-(Cbz-leucinyl)-ainino-3-(Cbz-norvalinyl)-aiiuno-propan-2^ 
bis- 1 ,3-(Cbz-leucinyl)-dianiino-S-inethyl-(S)-bexan-2-one; 
l-(acetyl-IeucinyI)-aiiiino-3-(4*phenoxy-benzoyl)-ainmo-propan-2 
10 1 -(Cbz-homo-leucinyl)-ainino-(Cbz-leuciflyl)-3-ainino-propan-2-one; 

l-(Cbz-leucinyl)-aminc>-3-(acetyl-leucinyl)-ainino-piopm is a most 
particularly preferred embodiment of the present invention of Formula V, 



Compounds of Formula I wherein D= ^ and 

'5 0= HO are preferred embodiments of the present 

invention. For the sake of convenience, such compounds are referred to herein after 
as compounds of Formula VI. 

^0 




CI 

More preferably. r35 =Ph. CN or pyridine, even more preferably. r35 




=Ph. . Ph may be optionally substituted with Ci-6alkyl,Ci^koxy, 

20 halogens and cyano groups. When r35 = pyridine. R may be 2-pyridyl, 3-pyridyl. 
or 4-pyridyl. 
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Most particularly preferred embodiments of Formula VI include: 
bis- 1 ,3-(4-(3-chloro-2-cyano-phenoxy )-phenyl sulfonamido)-propan-2-one; 



5 bis- 1 ,3'(4-phenoxy-phenyl sulfonamido)-propan-2-one. 

Compounds of Formula I wherein D = 
H 



0^ 



and Q= ^ are preferred 

embodiments of the present invention. For the sake of convenience, such 
10 compounds are referred to herein after as compounds of Formula VII. 

More preferably, R^^ is selected from the group consisting of: 




CN 

^' ; and r3^= Me in the more preferred compounds of 

15 Formula VII. 

Particularly preferred embodiments of Formula VII are: 

l-(Cbz-leucinyl)-amino*3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)* 
propan-2-onc; 

20 1 -(Cbz-leucinyl)- amino-3-(tosyl-amino)-propan-2-one; 
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l-(Cbz-leucinyl)-ainino-3-((4-phenoxy-phenyl)-sulfonamido)-propan-2-onc; 

l-(Cbz-leucinyl)-ainin(>-3-(2-<iiben2ofuransulfonarnido)-propan-2-one; 

1 -(Cbz-homo-leucinyl)-amino-3-(2.diben2ofiiransulfonainido)-propan-2-onc; and 

l-(Cbz-leucinyl)-aiiiino-3-(2-diben2ofuransulfonaimdo)-(S)-butan-2-one. 

l-(Cbz-leucinyl)-aiiiino-3-((4-phenoxy-phenyl)-sulfonainido)-propan-2-one. 
l-(Cbz-leucmyl)-ainmo-3K2-dibenzofui^uIfonaiiudo)-piopan-2-one, and l-(Cbz- 
leucinyl)-ammo-3-<2-dibenzofuransulfonainido)-(S)-baUui-2-one are most 
particularly preferred embcxUments of Fonnula Vn. 




I 



H mi 

Coiiq)ounds ofFonnula I wherein Ds ^ ^ andQ= 



V 

n40 



R« 



are preferred embodiments of the present invention. For the sake of 
convenience, such compounds are referred to herein after as compounds of Formula 

vm. 

J 5 A more preferred embodiment of Formula VIII is when R^^ jj 2- 

dibenzofuranylsulfonyl. 

Particularly preferred embodiments of Formula Vm are: 



(S)-Phenylmethyl [ 1 -[[[3-[benzyloxycarbonyl-leucinyl-amino]-2-oxopropyl]- 1 - 
20 (benzyl)amino]carbonyl]-3-methylbutyl]carbamate. 

(S)-Phenylmethyl ( 1 -[[[3-((2-diben2ofuranylsulfonyl)aminoJ-2-oxopiopyl]-3- 
(benzyl)amino]carbonyl]-3-methylbutyl]carbamate 

(S)-PhenylmethyUl-[tt3-t(2-diben2oftiranyIsulfonyl)amino]-2.oxopiopyl]-3-(4- 
pyridinylmethyl)amino]carbonyl]-3-metbylbutyI]carbaffiate 
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l-[[[3-[(2-dibcn2ofuranylsulfonyl)amino]-2-oxopropyl]-3-(4-pyridinylmethyl) 
benzamide 

(S)-Phenylmethyl [l-[[[3-[(2-dibenzofuranylsulfonyl)amino]-2-oxopropyl]-l-(4- 
pyridinylmethyl)ainino]carbonyl]-3-methylbutyl]carbainm 
5 (S)-Phenylmethyl [ 1 -[[[3-((2-dibcnzofuranylsulfonyl)aniinoJ-2-oxopropyI]- 

I.(4-pyridinyImethyl)ainino]carbonyl]-3«methylbutyl]caxbama^ is a most 
particularly prefeired embodiment of Formula Vm. 



10 



44 ' 



Compoundsof Formula I wherein D=: ^ ^ andQs 

N J 

rSO 

aie piefened embodiments of the present invention. For the sake 
of convenience, such compounds are referred to herein after as compounds of 
Fonnula IX. 

IS Compounds of Formula DC wherein: 

r44 = CH(R53)NHR54; 
r45. r46. r48, r49 rSO and r5 1 are H; 

r47 is independently CH3, benzyl. 2-pyridinylfflethoxy. 4-dimethylaminobenzyl; 
J = C(0); 

20 r52 = Ar. CH(R>0)Ar. CH(RiO)OAr. N(RlO)Ar, CH(R10)NR"R1 1; 

r53 s ethyl, i-Bu; 

r54 = r47, r47c(0). r47oC(0); 

R56 = H,CH3, i-Bu; 

RS7aR47 r47oc(0): 
2S At = phenyl or napbthyl. optionally substituted by one or more of Ph-C().5alkyl, 

Het-Co-eaUcyl. Ci.6alkoxy. Ph-Co-ealkoxy, Het-Co-galkoxy. OH, (CH2)i. 

6NR58r59 0(CH2)i.6NR5*R59; 
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r58, r59 ^ H, Ci.6alkyl. Ar-Co.6aIkyl; Hct-Co.6alkyl, 
are more preferred embodiments of the present invention. 

The following compounds of Formula DC are particularly preferred: 
5 2-[N-(N-benzyloxycarbonyl.L-leucinyl)]-2'-[N*-(4. 
phenoxyphenylsulfonyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-alanyl)]-2-[N-(N-ben2yloxycarb6nyl-L^ 
leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[NX4*pbenylbenzoyl)]carboh 
10 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[NM4- 
methoxybenzoyl)]carbohydrazide; 
2-[N-(N-benzyloxycart>onyl-L-leucinyl)]-2*-[N*-(4- 
phenoxybenzoyl)]carbohydrazide; 

2-(N-acctyl)-2*-[N-(N-bcnzyloxycarbonyl-L-leucinyl)]carbohydrazidc; 
15 2-[N-(N-acetyl.L-leucinyl)]-2'-tN*-(N-ben2yloxycarbonyl.L^ 
alanyi)]carbohydrazide; 

2-[N-(N-acetyl-L-alanyl)J-2'-tN-(N-benzyloxycaibonyl.L- 
leucinyl)]carbohydrazide; 

2^[N-(N-benzyloxycarbonyI-L-leucinyl)]-2'-[N'-[4-(Nja- 
20 dimethylaminomethyl)benzoyl)]]carbohydrazide; 

2-[N-(N-ben2yloxycarbonyl-L-leucinyl)]-2-[N*.I4-hydroxy-[3-(4. 

morpholinomethyl)]]benzoyl]carbohydrazide; 

2-[N-(N-bcnzyloxycarbonyl-L-lcucinyl)]-2'-IN-[4-(NJ^- 

dimethylaminomethyl)benzyloxy]carbonyi*L-leucinyl]caibohydrazide; 
25 2-(N-benzoyl)-2*-[N'-(N-benzyloxycarbonyl-L*leucinyl)]caibohydrazid^ 

2-[N-(N-ben2yloxycarbonyl-L-leucinyl)]-2-|N'.(3-(4- 

morpholinoroethyl)benzoyl]]caibohydrazide; 

2.[N-(3-bcn2yloxybcnzoyI)]-2'-[N*.(N-bcn2yloxycarbonyl-L- 

leucinyl)]carbohydrazide; 
30 2-[N-(N-ben2yloxycarbonyl-L-leucinyl)l-2*-[N^(4.[3.(N-N-dimethylamino)-^ 

propyloxy]benzoyI]]carbohydrazide; 
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2-IN-(2-ben2yloxyben2oyl)]-2-[N'-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazi(le; 

2-[N-(N-benzyIoxycarbonyl-L-lcucinyl)]-2'.(N'-[3.(4. 
pyridylinethoxy)benzoyl]]carbohydrazide; 
5 2-(N-(4.bcnzyloxybenzoyl)]-2-[N'-(N-bcn2yloxycart)onyl-L- 
leucinyI)]carbobydrazide; 

2-[N-(N-bcnzyloxycarbonyl-L-lcucinyl)]-2-(NX3-benzyto^^ 

methoxy)benzoyl]carbohydrazide; 

2•[N-(N-bcnzyloxyca^bonyl-L-lcucinyl)l-2•-[^^-(3.bc^^^ 

10 dimethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-lcucinyl)]-2'-[N-(3-beiizyloxy.5- 
ethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycart}onylglycmyl)]-2'-IN'KN-benzyloxycarbonyl-L- 
leucinyl)]cait)ohydrazide; 
15 2-[NK3-bcnzyloxybenzoyl)>2-[N-(N-bcn2yloxycart>onyl^^^ 
prolinyl)]carbohydrazide; 

2-[N-(N-bcnzyloxycarbonyl-L-leucinyl)l-2'-[N-(4- 
phenylphenylacetyl)Jcarbohydrazidc; 

(2'S)-2-[N-(3-bcnzyloxybenzoyl)l-2-[N-(N-bcnzyloxycaibonyW^ 
20 aiiiinobutyryl)]carbohydrazide; 

2.2'-[N,N*-[bis-(4-pbenylphenylacetyl)]]caibohydrazide; 

(rRS).2-[N-(N-bcn2yloxycarbonyl-L-lcucinyl)l-2'-[2-(4. 

phenyiphenoxy)propionyl]caibohydrazide; 

2-[N-(3-benzyloxybciizoyl)]-2'-[NX4-methylpentanoyl)]carbohydra^ 
25 (2RS, 2'RS)-2,2'-[N;<*-[bis-[2-(4.phcnylphenyl)-4- 
inethylpentanoyl)]]]carbohydrazide; 

(2•RS)-2-(N-(N-bcnzyloxyca^bonyl-L-lcucinyl)l-2•-[^^-[2-(4^^ 
inethylpentanoyI)]]carbohydrazide; 

(2TlS)-2-[N-(3-bcnzyloxybcnzoyl)]- 2'-[N'.[2-(4.phenylphcnyl)-4. 
30 methylpentanoyl)]]carbohydrazide; 
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2-[N-(3-benzyloxybenzoyl)l-2'-[N'.(N-bcn2yIoxycarbonyl-N.methyl-L- 
leucinyl)]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)l-2'-[N-[N-(2-pyridinylinethoxycarbonyO 
leucinyl]]carbohydrazide; 

2-[N-[3-(4.pyridyImcthoxy)bcn2oyl]]-2'-[N*-[N-(2-pyridinylmet^^^ 
leucinyl]]carbohydrazide; 

(2RS).2-(N-[2-(4-phcnylphenyI)-4-mc%lpcntanoyl)]].2'-[N^^^^^ 

pyridiny]iiiethoxycarbonyl)-I^Ieucinyl]]carbohydrazide; 

2.[N-(N-bcn2yloxycarbonyl-L-lcucinyl)]-2'-IN'-[2-(4-pheny 

methylpentanoyI)]]carbohydrazide; 

2-IN-(N-bcn2yloxycaibonyl-L-leucinyl)]-2-IN'-[2K4-ph^ 

inethylpentanoyl)]]carbohydrazide; 

2-[N-(N-bcnzyloxycarbonyl-L-leucinyl)]-2'-[N*-[N-(4-pte^ 

methylpropyl)carbamoyl]]carbohydrazide; 

2-[N.(3.ben2yloxybenzoyl)]-2-(N'-(N-methyl-L-leucinyl)]carboh 

2-[N-(N-bcnzyloxycarbonyl-L-leucinyl)]-2'-[N*-(N-methyl-^^ 

leucinyl)]carbohydrazide. 



arc preferred embodiments of the present invention. For the sake of convenience, 
such compounds are referred to herein after as compounds of Formula X. 

With respect to Formula X: 

More preferably G is 



Compounds of Formula I wherein D = ^ ® and Q= 




,65 




or 
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More preferably and r64 are H and and are i-butyl. 
More preferably R^^ is CH(R69)NR61r70, „, which R^ is i-butyl and r61 
is H. More preferably R^O is r62oc(0). in which r62 



5 




Alternately. R^ is Ar or CH(R69)Ar , in which Ar in said r65 group is 




or 



More preferably, L is 
CH(R^)NR60r68 CH(RW)Ar. NR66r67, CH(R66)OAr', Ar. or Het. in which 
r66 

is i-butyl and Ar in said L group is 




31 



wo 97/16433 



PCT/US96/18000 



„ XT 



or Het in said L group is 



10 




More preferably L is NR66r67 CH(R^)R^68, 

One paiticulariy prefened embodiment is a compound of It)nnula G: 



Ar x-Y 



IS 



Another particularly preferred embodiment is a compound of Formula H: 



^66 



|70 



X-Y 
H 



The following compounds of Fonnula X are most particularly prefened: 
( 1 S)-N-[2-(( 1 •benzyloxycarbonylamino)-3-methylbutyl]thiazol-4- 
20 ylcarbonyl]-N-(4-phenoxyphenylsulfonyl)hydra2ide; 
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( 1 S)-N-(4-[ 1 -(N-benzyloxycarbonyl-L-Ieuciny lamino)-3- 
methylbutyl]thiazol-2-ylcarbonyl]-N-(N-bciizyloxycartx>^ 

(lS)-N-[2-[(l-bcn2yloxycarbonylainino)-3-methyIbutyl]thiazoM^ 
ylcarbonyl]-N'-(4-phenylphenylacetyl)hydrazide; 
5 ( lS)-N-[2-[(l-bcnzyloxycarbonylamino)-3-methylbutyllthiazol-^ 

ylcarbonyI]-N'-[3>(4-piyidinylmethoxy)beii2x>yl]hydrazide; 

N-[2-(2<hloiophenoxymethyl)thiazol-4-ylcarbonyl]-N-[N-(4- 
pyridinylmethoxycarbonyO-L-leucinylJhydrazide; 

N-[N-(4-pyridinylmcthoxycarbonyl)-L-leuciny 1]-N -[2-[4-( 1 ,2,3-ihiadia2ol- 
1 0 4-yl)phenyl]thia2ol-4-y Icarbonyljhydrazide; 

N-[2-[3-(4<hlorophenylsulfonylmethyl)thien-2-yl]tIiiazoI'^ylcart^ 
tN-(4-pyridinylmethoxycarbonyl)-L-Icucinyl]hydrazide; 

(lS,2'RS)-N-f2-[(l-bcMyloxycarbonylainmo)-3-mcthylbutyl]thiazol-4- 
ylcarbonyl]-N-[2X4-phenylphenylacetyl)-4-methylpentanoyl]hydrazide; 
15 N-[2-(3-benzyloxyphenyl)thiazol-4-yIcarbonyI]-N*-[N-(2- 
pyridinylmethoxycarbonyl)-L-Ieucmyl]hydrazide; 

(lRS)-N-I2-[H4-phcnyIphcnyl)-3-methylbutylJtWazoI-4-ylcar^ 
(4-pyridinylmethoxycarbonyl)«L-leucinyl]hydrazide; 

N-[2-(2-bciizyloxyphcnyl)thiazol-4-ylcarbonyl]-N-[N-(4- 
20 pyridinyliiiethoxyca]tonyl)-L-Ieucinyl]hydrazide; 

N-[2-[N-niethyI-N-(4-phcnylphenyl)aiiiino]thiazoI-4-ylcarbonyl^ 
pyridinylinethoxycarbonyl)-L-leucinyl]hydiazide; 

N-G^-benzyloxycarbonyl-L-leucinyl)-N'-[2-(4-phenyIbeiizyl)thiazol^ 
ylcarbonyl]hydrazide; 
25 N-[2-(4-phenylpheaylbenzyl)thiazol-4-ylcarbonyl]-N'-[N-(4- 
pyridmylmethoxycaibonyl)-L-leucinyllhydiazide; 

N-(N-bcnzyloxycarbonyl-L-Icucinyl)-N-[2-(N-(2-methylpropyl)-N- 
phenylamino]thiazol-4-ylcarbonyI]hydrazide; 

N-[2-[N-(2-methylpropyl)-N-phenylamino]thia2ol-4-ylcarbonyll-N*-[N-(4- 
30 pyridinylmethoxycarbonyO-HeucinylJhydrazide; 
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N-(2-(2-ben2yIoxyphenyI)thiazol-4-ylcarbonyJI-N-(N-(3- 
pyridinyImethoxycarbonyl)-L-lcucinyl]hydrazide; 

N-[2-(2-bcnzyIoxyphcnyl)thia2ol^ylcarbonyl]-N'-[N-(2- 
pyridinylmethoxycarbonyl)-L-leucinyIJhydra2ide; 
5 N-(N-bcn2yloxycaibonyl-N-methyl-L-leucinyl)-N-[2-(2- 
beiizyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide; 

N-[2-INK2-mcthylpiopyl).N-phcnylainino]thia2ol^^ 
pyridinylniethoxycarbonyl)-L-leucinyl]hydrazide; 

N.(2-[N.(2-inethylpropyl).N.phenylaininolthia2ol^^^ 
10 pyridinylinethoxycarbonyl)-L-leucinyllhydrazide; and 

N-[2-(2-xnethoxyphenyl)thiazol-4-yIcarbonyl]-N'-[N-(4- 
pyridinylinethoxycartx)nyl)-L-leucinyl]hydrazide. 

Definitions 

15 The present invention includes all hydrates, solvates, complexes 

and prodrugs of the compounds of this invention. Prodrugs are any covalendy 
bonded compounds which release the active parent drug according to Formula I in 
vivo. If a chiral center or another form of an isomeric center is present in a 
compound of the present invention, all forms of such isomer or isomers, including 
20 enantiomers and diastereomers, are intended to be covered herein. Inventive 
compounds containing a chiral center may be used as a racemic mixture, an 
enantiomerically enriched mixture, or the racemic mixture may be separated using 
well-known techniques and an individual enantiomer may be used alone. In cases in 
which compounds have unsaturated carbon-carbon double bonds, both the cis (Z) 
25 and trans (E) isomers are within the scope of this invention. In cases wherein 
compounds may exist in tautomeric forms, such as keto-enol tautomers, each 
tautomeric form is contemplated as being included within this invention whether 
existing in equilibrium or predominanUy in one form. 

The meaning of any substituent at any one occurrence in Formula I or any 
30 subformula thereof is independent of its meaning, or any other substituent's 
meaning, at any other occurrence, unless specified otiierwise. 
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Abbreviations and symbols commonly used in the peptide and chemical arts 
are used herein to describe the compounds of the present invention. In general, the 
amino acid abbreviations follow the lUPAC-IUB Joint Conrniission on Biochemical 
Nomenclature as described in Eur. 7. Biochem,, 158, 9 (1984). The term "amino 
5 acid" as used herein refers to the D- or L- isomers of alanine, arginine, asparagine, 
aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine and valine. 

"Ci.6alkyr* as applied herein is meant to include substituted and 
10 unsubstituted methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl» 
pentyl, n-pentyl, isopentyl, neopentyl and hexyl and the simple aliphatic isomers 
thereof. Any Ci-6alkyl group may be optionally substituted independently by one 
or two halogens. SR\ 0R\ N(R*)2. C(0)N(R')2. carbamyl or Ci^kyl, where R* is 
Ci-6alkyl. CQalkyl means that no alkyl group is present in the moiety. Thus, Ar- 
15 Cgalkyl is equivalent to Ar. 

"C3.] jcycloalkyr* as applied herein is meant to include substituted and 
unsubstituted cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane, 
cyclooctane, cyclononane, cyclodecane, cycloundecane. 

"C2.6 alkenyl" as applied herein means an alkyl group of 2 to 6 carbons 
20 wherein a carbon-carbon single bond is replaced by a carbon-carbon double bond. 
C2.6alkenyl includes ethylene, l-propene, 2-propene, 1-butene, 2-butene, isobutene 
and the several isomeric pentenes and hexenes. Both cis and trans isomers are 
included. 

"C2^kynyr' means an alkyl group of 2 to 6 carbons wherein one carbon- 
25 carbon single bond is replaced by a carbon-carbon triple bond. C2-6 alkynyl 
includes acetylene, 1-propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the 
simple isomers of pentyne and hexyne. 

"Halogen" means F, CI, Br, and 1. 

"Ar" or "aryl" means = phenyl or naphthyl, optionally substituted by one or 
30 more of Ph-Co-galkyl, Het-Co-ealkyl, Ci.6alkoxy. Ph-Co-6alkoxy, Het Co. 

6alkoxy, OH, (CH2)i-6NR58r59, 0(CH2)i.6NR58r59; where r58 r59 ^ h, Ci. 
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galkyl; Het-Co.6aIkyl, from CMalkyI, OR\ N(R02. SR\ CF3, NO2. CN, CO2R', 
CON(R'),F.Cl, Brand I. 

As used herein "Het" or "heterocycUc" represents a stable 5- to 7-membeicd 
monocyclic or a stable 7- to 10-membered bicyclic heterocyclic ring, which is either 
5 saturated or unsaturated* and which consists of carbon atoms and ftom one to three 
heteroatoms selected from the group consisting of N, O and S, and wherein the 
nitrogen and sulfur heteroatoms may optionally be oxidized, and the nitrogen 
heteroatom may optionally be quatemized, and including any bicyclic group in 
which any of the above-defined heterocyclic rings is fused to a benzene ring. The 
10 heterocyclic ring may be attached at any heteroatom or carbon atom which results in 
the creation of a stable structure, and may optionally be substituted with one or two 
moieties selected from CMalkyI, OR\ N(R )2. SR\ CF3. NO2. CN, CO2R'. 
CON(R*), F, CI, Br and I. where R* is Ci.6alkyl. Examples of such heterocycles 
include piperidinyl, piperazinyl, 2-oxopipcrazinyl, 2-oxopiperidinyl. 2- 
15 oxopyrrolodinyU 2-oxoazcpinyl, azepinyl, pynolyl, 4-piperidonyl, pyrrolidinyl. 
pyrazolyl, pyrazolidinyl, imidazolyl, pyridyl, pyrazinyl, oxazolidinyl, oxazolinyl, 
oxazolyl, isoxazolyl, morpholinyl, thiazolidinyl, thiazolinyl, thiazolyl, 
quinuchdinyl, indolyl, quinolinyl, isoquinolinyl. benzimidazolyl, benzopyranyl, 
bcnzoxazolyl, fiiryl, pyranyl. tetrahydrofiiryl, tetrahydropyranyl, thienyl. 
20 bcnzoxazolyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, and oxadiazolyl. 

"HetAr" or "heteroaryl" means any heterocyclic moiety encompassed by the 
above definition of Het which is aromatic in character, e.g., pyridine. 



It will be appreciated that the heterocyclic ring described when N = ^ 
includes thiazoles, oxazolcs, uiazoles, thiadiazoles, oxadiazoles, isoxazoles, 

25 isothiazols. imidazoles, pyrazines, pyridazines, pyrimidines, triazines and tetrazines 
which are available by routine chemical synthesis and are stable. The single and 
double bonds (i.e., ^ in such heterocycles are arranged based upon the heteroatoms 
present so that the hctcrocycle is aromatic (e.g., it is a heteroaryi group). The term 
heteroatom as applied herein refers to oxygen, nitrogen and sulfur. When the 

30 heteroaryi group comprises a five membered ring, W is preferably an electron 
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withdrawing group, such as halogen, -CN. -CF3, -NO2, -C0R7, -C02R^, - 
CONHR6 .SO2NHR6, .NHS02R^ -NHCOR^ -O-COR^, -SR^ or NR'R^, or a 
similar electron withdrawing substituent as known in the art. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary 
S butyl radical, Boc refers to the t-butyioxycarbonyl radical, Fmoc refers to the 

fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to the 
benzyloxycarbonyl radical. 

Certain reagents are abbreviated herein. DCC refers to 
dicyclohexylcarbodiimide, DMAP is 2,6-dimethylaniinopyridine, EDC refers to 

10 ethyl-NXdimethylaminopropyO-carbodiimide. HOBT refers to 1- 

hydroxybenzotriazole, DMF refers to dimethyl formamide, BOP refers to 
benzotriazol- 1 -yloxy-tris(dimethylamino)phosphonium hexafluorophosphate, 
DMAP is dimethylaminopyridine, Lawesson's reagent is 2,4-bis(4-methoxyphcnyI)- 
l,3-dithia-2,4-diphosphetane-2,4-disulfide, NMM is N-methylmorpholine, TFA 

IS refers to trifluoroacetic acid, TFAA refers to trifluoroacetic anhydride and THF 
refers to tetrahydrofiiran. Jones reagent is a solution of chromium trioxide, water, 
and sulfuric acid well-known in the art. 
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Methods of Preparation 

Compounds of Fonnula II wherein X = CH. Y = S and Z = N, and W = 
C02R^ CN, or C0NR'R7 may be conveniently prepared by methods analogous to 
5 those described in Scheme 1. 
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O O 

o o 

1 2 



O OR' 




Z fi 

a) i-BuOCOCI, NMM. CH2N2, EtOAc, EtgO: b) HBr, AcOH, EtOAc. Et20: c) h^NCSCQaEt. 
EtOH; d) NaOH. H2O, THF; e) i-BuOCXX;i, NMM. NH2. THF or BOP. E^N. RNh^ CHaaa; f) 
TFAA. pyridine. CH2a2: g) R^H. B0C2O, Pyridine or R^H. EDCI, CH2Ci2; h) piperidine, DMF; 
i) BOP. E^jN. O-CO2H. CH^2 

1 -Scheme 1 is treated with isobutyl cbloroformate and N-methylmoipholine 
in ethyl acetate to give a mixed anhydride which is treated with diazomethane in 
ether to i»ovide 2-Scheme 1. The diazoketone is halogenated using 30% HBr in 
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10 



15 



20 



acetic acid in ethyl acetate/ether solution to provide 3-Scheme 1 . This material is 
treated with ethyl thiooxamate in refluxing ethanol to give 4-Scheme 1 . The 
thiazole caitooxylic ester is saponified by treatment with a hydroxide base (such as 
potassium hydroxide, sodium hycfaoxide or lithium hydroxide) to yield carboxylic 
acid g-Sghgmc I- The carboxylic acid is treated with isobutyl chloroformate and N- 
methylmorpholine, followed by gaseous ammonia to provide primary amide 
5siism£l(R3 = H). The primary amide is treated with TFAA and pyridine in 
dichloromethane to provide 7-Scheme 1. Alternatively. S-Scheme 1 can be 
convened to substituted amides, 6-Scheme 1. by treatment with aikyl amines (such 
as benzylamine, 2-phenylethylamine or isobutyiamine) and a peptide coupling 
reagent (such as BOP, EDC*HCI/l-HOBT or N-methylmorphoiinc/isobutyl 
chloroformate) in an aprotic solvent (such as dichloromethane or DMF). The 
carboxylic acid 5-Schcmc 11 can be converted to carboxylic esters 8-Scheme I by 
treatment with a primary or secondaiy alcohol (such as 2,2,2-trifluoroethanoU 
isobutyl alcohol, benzyl alcohol or phenol) and a dehydrating reagent (such as 
DCC/DMAP, EDQ or Boc20/pyridine) in an aprotic solvent (such as 
dichloromethane or ether). When r2 = 9-fluorenylmethoxy, treatment of 4-Schefne 
i with piperidine in DMF gives 9>Scheme 1 . Treatment of 9-Scheme 1 with a 
carboxylic acid (such as N-Cbz-L-phenylalanine or N-Cbz-L-Jeucinyl-L-leucinc) 
and a peptide coupling reagent (such as BOP) in an aprotic solvent (such as 
dichloromethane) provides 10-Scheme 1 . 



Schgrog lA 





R'HN S 



a 



b 



H 



1 



2 




a) Mel. THF; b) R'NH2. «-PK)H; c) Bromomethyl ketone. ElOH 
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Compounds of Formula II wherein X = CH, Y = S and Z = N are prepared 
by methods analogous to those described in Scheme 1 A. 1 -Scheme lA is treated 
with iodomethane in an aprotic solvent (such as THF) to afford 2-Scheme lA. 
which is treated with a primary amine in a protic solvent (such as isopropanol) to 
5 give 3-Scheme lA . this material is then treated with a bromomethyl ketone in a 
protic solvent (such as ethanol) to provide 4«Scheme lA. 



Scheme 2 




10 Z 

a) i-BuCX:CX:i, NMM, NH3, THF; b) Lawessons reagent, THF; c) BrCHjCOCOaEt, 
TFAA. Pyridine, CH2CI2; d) TFA; e) DCO2H. EDOHCl, HOBT, EtjN, DMF; f) 
NaOH, H2O. THF 

15 

Compounds of Formula 11 wherein X = S, Y = CH and Z = N may be 
conveniently prepared by methods analogous to those described in Scheme 2. 
Scheme 2 is treated with isobutyl chloroformate, N-methylmorpholine and ammonia 
20 in THF to provide 2-Scheme 2 . This material is converted to the thioamide, 2i 

Scheme 2. by treatment with Lawesson's reagent in an aprotic solvent (such as THF 
or toluene). 3-Scheme 2 is converted to the thiazole by condensation with a a- 
ketoester bearing a suitable leaving group for displacement by a sulfur nucleophile 
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(CI, Br, I, OMs, O-p-Tos) in dichloromethane. 4-Schefne 2 is treated with TFA to 
provide 5-Scheme 2. This material is treated with a carboxylic acid (such as N-Cbz- 
L-leucine, N-Cbz-D-leucine or N-Cbz-L-leucinyl-L-leucine) and a peptide coupling 
reagent ( such as BOP, EDC*HC1/1-H0BT or N-methylmorphoIine/isobutyl 
5 chloroformate) in an aprotic solvent (such as dichloromethane, DMF or THF) to 
yield This material is saponified by treatment with a hydroxide base 

(such as potassium hydroxide, sodium hydroxide or lithium hydroxide) to yield 
carboxylic acid 7-Scheme 2 . 




15 a) Boc-amino acid, EDC«HC1. 1-HOBT, DMF; b) TFA; c) rSqCOCI, i-Pr2NEl 

Compounds of Formula II wherein X s S, Y = CH and Z - N may also be 
prepared by methods analogous to those described in Scheme 2 A. UScheme 2A is 
treated with a rtfrr-butoxycaibonyl-protected amino acid (such as N-rerr- 

20 butoxycarbonyl*L-leucine) and a peptide coupling reagent ( such as BOP, 

EDC»HCl/l-HOBT or N-methylmorpholine/isobutyl chloroformate) in an aprotic 
solvent (such as dichloromethane, DMF or THF) to yield 2-Scheme 2A. which is 
treated with triHuoroacetic acid to provide 3>Scheme 2A, This material is ueated 
with a chloroformate (such as 2-biphenylmethyl chloroformate, 2-bcn2ylbenzyl 

25 chloroformate, 2-naphthylmethyl chloroformate or 2-phenoxybenzyl chloroformate) 
and a tertiary amine base (such as diisopropylethylamine) in an aprotic solvent (such 
as methylene chloride) to provide 4-Scheme 2A. 
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Scheme 3 






Z 



5 a) B0C2O, EtjN, THF; b) hydrazine hydrate, MeOH; c) EtOiCCOCl. Pyridine, 
CH2CI2; d) Lawcsson s reagent, toluene; e) TFA, CH2CI2; 0 DCO2H, 
EDC-HO/HOBT, EtaN, DMF 



10 Compounds of Formula n wherein X and Y = N, and Z = S may be 

•conveniently prepared by methods analogous to those described in Scheme 3. JL: 
Scheme 3 is treated with di-rerf-butyl dicarbonate and triethylamine in THF to 
provide 2-Scheme 3. This material is treated with hydrazine hydrate in methanol to 
provide 3-Scheme 3. The hydrazide is acylated by treatment with ethyl oxalyl 

IS chloride and pyridine in dichloromethane to provide 4-Scheme 3 . This material is 
converted to the thiadiazole, S-Scheme 3 > by treatment with Lawesson's reagent in 
an aptotic solvent (such as THF or toluene). S-Scheme 3 is treated with TFA to 
provide 6-Scheme 3 . This material is treated with a carboxylic acid (such as N-Cbz- 
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L-Ieucine) and a peptide coupling reagent ( such as BOP, EDC«HC1/1-H0BT or N- 
methylmorpholine/isobutyl chlorofonnate) in an aprotic solvent (such as 
dichloromethane, DMF or THF) to yield 7-Schemg 



Scheme 4 




a) SOCI2. pyridine, EtzO. toluene; b) TFA, CH2CI2; c) DCO2H. EDC»HCl/HOBT. 
EtjN, DMF; d) NH3, EtOH 

Con^unds of Formula II wherein X and Y - N, and Z = O. and W = 
CX)2Et or CONH2 may be conveniently prepared by methods analogous to those 
described in Scheme 4. 1-Scheme4 is treated with thionyl chloride and pyridine in 
ether, followed by refluxing in toluene to provide l-Scheme 4 The resultant 
oxadiazole is treated with TFA to provide iSfillfiintl. This material is treated with 
a carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent ( such 
as BOP. EDC»HCl/l-HOBT or N-mediylmorphoiine/isobutyl chloroformate) in an 
aprotic solvent (such as dichloromethane, DMF or THF) to yield 4-Scheine 4. The 
carboxylic ester is treated with ammonia in methanol to yield 5-Scheme 4. 
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O 

3 



0 R2 O 
R5'^N'^^V^NHNH2 



O R' 



O R2 N'N 



£ 

a) EDOHCl/HOBT. EtjN. DMF; b) HiNNHj^HaO, MeOH; c) CSClj, EtsN, CHCI3 

5 

Compounds of Formula II wherein X and Y = and Z = O, and W = SH 
may be conveniently prepared by methods analogous to those described in Scheme 
S. UScheme 5 and 2>Scheme S are treated with a peptide coupling reagent ( such 
as BOP, EDC*HCl/l-HOBT or N-methylmorpholine/isobutyi chioroformate) in an 
10 j^rotic solvent (such as dichloromethane, DMF or THF) to yield 3-Scheme 5 . This 
material is treated with hydrazine hydrate in methanol to provide 4-Scheme 5 . 
Treatment of 4-Scheme 5 with thiophosgene and triethylamine in chloroform 
provides 5> 

15 
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2 

5 

a) H2NCS2 NH4+ EtOH; b) H2NCSNH2, EtOH 

Compounds of Formula n wherein X = CH, Y = S and Z s N. and W = SH 
or NH2 may be conveniently prepared by methods analogous to those described in 
10 Scheme 6. Condensation of 1 -Scheme 6 with ammonium Hithiiyart^aniatA in 
ethanol yielded Z-SchCOlC 6- Alternatively. 1-Scheme fi can be condensed with 
thiourea in ethanol to give 3-Schenie 6. 
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Compounds of Formula II wherein X = CH, Y = N and Z = N and W=C may 
be prepared by methods analogous to those described in Scheme 7. Treatment of 
Scheme 7 with diethylamine N-oxide should provide 2-Scheme 7 . Condensation of 
5 2-Scheme 7 with a 2,3-diaminocarboxylic acid should then provide 3'Scheme 7 . 
which may be converted to a variety of carboxylic acid derivatives using procedures 
previously described in other schemes. 

Compounds of Formula ni may be generally prepared by methods common 
10 in the art of organic chemistry for coupling carboxylic acid derivatives to hydrazine. 
Schemes 8. 9 and 10 are illustrative of a method to prepare compounds wherein B or 
E is a heterocycle. Compounds of Formula X may be conveniently prepared by 
methods analogous to those described in Schemes 8, 9 and 19-23. 

IS SfibfimfiJ 




O H 

5 

fi 



20 a) i. i-BuOCOCI. NMM. THE; ii. CH2N2, Et20; b) HBr, AcOH, Et20; c) 

H2NCSC02a, EtOH; d) r63nHNH2, EtOH; e) r65c02H, EDC#HC1, 1-HOBT. 
DMF. 

Compounds wherein X = CH, Y = S and Z = are prepared by methods 
25 analogous to those described in Scheme 22. I -Scheme 8 is treated with isobutyl 
chloroformate and N-methylmorpholine in ether to give a mixed anhydride which is 
treated with diazomethane in ether to provide 2>Scheme 8 . The diazoketone is 
halogenated using 30% HBr in acetic acid in ether solution to provide 3-Scheme 8 . 
This material is treated with ethyl thiooxamate in refluxing ethanol to give 4:: 
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Scheme 8. The thiazole carboxylic ester is treated with a hydrazine (such as 
hydrazine monohydrate or methyl hydrazine) in eihanol to yield S-Scheme 8 . This 
material is treated with a carboxylic acid (such as N-Cbz-L-leucine) and a peptide 
coupling reagent (such as EDC*HCl/l-HOBT) in an aprouc solvent (such as DMF) 
5 to provide 6-Scheme 8. 

Compounds wherein X = S» Y = CH and Z = N, are prepared by methods 
analogous to those described in Scheme 9. 

LCOjH « i LCONHj »> j LCSNHj C ^ / d ^ 

1 2 3 N 2 

'4 

5 OH 

6(JsCO,SQ2) 



15 a) i-BuOCOa, NMM. NH3, THF; b) Lawessoa's reagent. THF; c) i. 

Et02CX:OCH2Br; ii. TFAA, Py. CH2CI2: d) H2NNH2»H20. EtOH; e) r65so2C1. 
Py, CH2a2: f) R65c02H. EDC*HC1. 1-HOBT. DMF. 

J-?g>ieime 9 is converted to 2-Scheme 9 by treatment with isobutyl 
20 chloiofonnate. N-metbylmorpholine and ammonia in THF. 2-Scheme 9 is tieated 
with Lawesson's reagent in THF to provide the thioamide 3-Scheme 9 This 
material is converted to the thiazole by condensation with an a-ketoester followed 
by treatment with trifluoroacetic anhydride and pyridine in methylene chloride to 
afford 4-Schgm6 21 which is converted to S-Scheme 9 by treatment with hydrazine 
25 monohydrate. This material is treated with a sulfonyl chloride (such as 4- 
phenoxybenzenesulfonyl chloride) and pyridine in an aptotic solvent (such as 
dichlotomethane) to provide 6-Scheme 9. Alternatively. 6-Scheine 9 may be 
prepared by treatment with a carboxylic acid (such as N-benzyloxycarbonyl-L- 
leucine, N-benzyloxycarbonyl-N-methyl-L-leucine. N-(2- 
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pyridinyImethoxycarbonyl)-L-leucine, N-(3-pyridinylinethoxycarbonyl)-L-leucine, 
N-(4-pyridinylxnethoxycarbonyl)-L-leucinc, 4-biphenylacetic acid, 3-(4- 
pyridinylmethoxy)benzioc acid, or 4-inethyl-2-(4-phenylphenyl)peatanoic acid) and 
a peptide coupling reagent (such as EDOHCl/l-HOBT) in an aptotic solvent (such 
5 as DMF). 



Compounds wherein B = ^ ^ are prepared by routine methods of 
peptide synthesis as illustrated for instance by Scheme 10. 



10 



Scheme 10 



16 R« R'* 



H O R« 



2 



R« Ri6 o 

O R^* o R^'^ O 

4 5 



a) EDC^HCl, HOST, DMF; b) H2NNH2*H20' EtOH; c) R ^ 4-B.C02H, 

15 EDC*HCL.HOBT,DMF 

Treatment of a mixture of 1 -Scheme 10 and 2-Scheme 10 with a peptide 
coupling reagent (such as BOP or EDC«HC1/1-H0BT) in an aprotic solvent (such as 
DMF or dichloromethane) provides 3'Scheme 10 . This material is treated with 
hydrazine hydrate in ethanol to yield 4-Scheme 10. which is treated with a 

20 carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent (such as 
BOP or EDC*HCl/l-HOBT) in an aprotic solvent (such as DMF or 
dichloromethane) to provide 5-Scheme 10. 
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Compounds of Fonnula IV wherein r22, r23, r24 are H. and r21 s r26 
are fnvpaied by methods analogous to those described in Scheme 1 1. 

Scheme 1 1 

5 




a) EDC.HCI, 1-HOBT. OMF 

Symmetric compounds of the Formula K having RCO as the teminal 
substituent on both sides are prepared by methods analogous to those described in 
10 Scheme 11. Treatment of l-Scheme 1 1 with a carboxylic acid (such as 4- 

biphenylacetic acid or 4-methyl-2-(4-phenylphenyl)pentanoic acid) and a peptide 
coupling reagent (such as EDC»HCI/l-HOBT) in an aptotic solvent (such as DMF) 
provides 2-Scheme 1 1 

15 Nonsymmetric compounds of the Formula DC, and compounds of Formula 

IV wherein r22. r23, r24 and r25 are H. and r21 ^ R26, are prepared by mediods 
analogous to those described in Scheme 12. 
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H 



/ 



1 



a 



-> R^CONHNHg 



2 





O H 



H O 



d, e or f 




5(F=:COR*2, SOgR^) 



a) H2NNH2 H2O, MeOH; b) CIgCO. PhMe; c) HgNNHg HgO. MeOH; d) R'^^COgH.EDC HCI, 
1-HOBT, DMF; e) R^S02CI or R^COCI, pyridine, DMF; f) R^^cOgCOR^; g) R^CONR^^ 



as methanol or ethanol) provides 2>Scheme 12. which is treated phosgene in toluene 
to afford 3-Scheme 12 . This material is treated with hydrazine hydrate in a protic 
solvent (such as methanol or ethanol) to provide 4-Scheme 12 . Treatment of 4^ 
Scheme 12 with a sulfonyl chloride (such as 4-phenoxyphenylsulfonyl chloride), an 

10 acid chloride (such as benzoyl chloride), or a carbamoyl chloride (such as N-(2- 
methylpropyl)-N-(4-phenylphenyl)carbamoyl chloride) and pyridine in DMF 
affords S-Scheme-12. Alternatively, S'Scheme-12 may be prepared by treatment of 
4-Scheme 12 with a carboxylic acid (such as N-benzyloxycarbonyl-L-alanine, N* 
benzyloxycarbonyl-L*proiine, N-benzyloxycarbonylglycine, (S)-N- 

15 benzyloxycarbonyl-2-aminobutyric acid, N-benzyloxycarbonyl-N-methyl-L-leucine, 
N-rc/t-butoxycarbonyl-N-mediyl-L-leucine, N-acetyl-L-lcucine, N-acetyl-L-alanine, 
N-(2-pyridinylmethoxycarbonyl)-L-Ieucine, N-[4-(N,N- 
dimethylaminomethyI)benzyloxycarbonyl]-L-leucine, 4-phenylbenzoic acid, 4- 
methoxybenzioc acid, 4-phenoxybenzoic acid, 4-(N 

20 dimethylaminomethyObenzoic acid, 4-hycroxy-3-[N*(4-morpholinomethyl)]benzoic 
acid, 3-[N-(4-morpholinomethyI)]benzoic acid, 2-benzyIoxybenzoic acid, 3- 
benzyloxybenzoic acid, 4-benzyloxybenzoic acid, 4-(3- 



5 



Treatment of 1 -Scheme 12 with hydrazine hydrate in a protic solvent (such 
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dimethylaminomeihylpropoxy)benzoic acid, 3-ben2yloxy-5-methoxybenzoic acid. 
3-benzyloxy-4,5>dimethoxyben2oic acid, 3-benzyloxy-5-ethoxybenzoic acid, 3-(4- 
pyridinylmethoxy)ben2oic acid, 4-biphenylacetic acid, 2-(4- 
phenylphcnoxy)propionic acid or 4-methyl-2-(4-phenylphenyl)pcnianoic acid) and a 
5 peptide coupling reagent ( such as BOP, EDC*HCl/l-HOBT or N- 

methylmorpholine/isobutyl chloroformate) in an aptotic solvent (such as 
dichloromethane, DMF or THF). S>Scheme-12 may also be prepared by treatment 
of 4-Sch6me 12 with an anhydride (such as acetic anhydride). Alternatively, 2i 
Scheme 12 may be converted directly to S-Scheme-1 by treatment with a hydiazide 
10 (such as 4-methylpentanoyl hydrazide or N-methyl-N-benzyloxycarbonyl-L- 
leucinyl hydrazide). 



15 

12 a 

Ho H O H 

R^V^N^ d,eorf R^V ^N^ JC ^N^ 

ok O H H 

R 

4 (RCH2 = r23) S (X * C0R52, S02^) 

a) L PhCHO, EtOH; ii. BH3 THF; b) CIgCO, PhMe; c) H2NNH2 H2O. MeOH; d) r52c02H, 
EDC HCI, l-HOBT, DMF; e) RSSsQgCI or R^^COCl pyridine. DMF; f) RSZcOgCOR^^ 

Nonsymmetric compounds of Formula IV, wherein R^^ ^ H are prepared by 
methods analogous to those described in Scheme 12 A. 1 -Scheme 12A is treated 
20 with an aldehyde (such as benzaldehyde) in a protic solvent (such as ethanol) and 
the resulting imine is treated with borane-THF complex to afford 2-Scheme 12 A. 
which is subsequently treated with phosgene in toluene to afford 3-Scheme 12A . 
This material is treated with hydrazine hydrate in a protic solvent (such as methanol 
or ethanol) to provide 4-Scheme 12 A. Treatment of 4-Scheme 12A with a 
25 carboxylic acid (such as N-benzyloxycarbonyl-L-leucine) and a peptide coupling 
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reagent ( such as BOP, EDOHCl/l-HOBT or N-methylmorpholine/isobutyl 
chloroformate) in an aprotic solvent (such as dichloromethane, DMF or THF) to 
yield i:S£b§XDgdL2A. 

S Compounds of Formulae V- VII may be conveniently prepared by methods 

analogous to those described in Schemes 13-16. 



Scheme 13 




1 



10 

a) HBTU, NMM, DMF; b) Jones, acetone 

U3-Bis-amido propan*2-ones may be prepared by acylation of l»3-diamino- 
propan-2-ol 1-Scheme 13 with a carboxylic acid 2-Scheme 13 or a mixture of 2 
IS different carboxylic acids (2 and 3) in equimolar amounts and a coupling reagent 
such as a dialkyl carbodiimide such as DCC or EDCI or HBTU/ N-mcthyl 
morpholine, followed by oxidation of the carbinol to a ketone with an oxidant such 
as Jones reagent. 

20 ^ S<?hgtne 14 

o o 

OH 
1 

a) NMM, DMF; b) Jones, acetone 

25 1 ,3-Bis-sulfonamido propanones may be prepared by sulfonylation of 1 ,3- 

diamino-propan-2-ol 1 -Scheme 14 with a sulfonyl chloride 2-Scheme 14 and a base 
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such as N-methyl xnorpholine, followed by oxidation of the carbinol to a ketone 
with an oxidant such as Jones reagent. 



Scheme 15 



5 




a) EDO, HOBT, DMF; b) NMM, DMF, 3) Jones, acetone 

l-Amido-3-sulfonanudo propanones may be prepared by acylation of 1,3- 
10 diainino-pn>pan.2-ol l-Scheme 15 with a carboxyUc acid 2-Scheme 15 and a 

coupling reagent such as a carbodiimide or HBTU/ N-methyl morpholine, followed 
by treatment with an appropriate sulfonyl chloride 3-Scheme 15 and a base such as 
N-methyl morpholine, followed by oxidation of the carbinol to a ketone with an 
oxidant such as Jones reagent. 

15 

Scheme 16 
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l-Ainido-3-sulfonainido alkan-2-ones that are larger than propan>2-one, 
such as butan-2-one or S-inethyl-hexan-2-one, can be prepared by converting an N- 
protected peptide such as Cbz-leu-leu-OH 1-Scheme 16 to its bromo methyl ketone 
5 3-Scheme 16 via a diazo methvl ketone 2-Scheme 16. Then, the bromide 3-Scheme 
16 is displaced with sodium azide to give the corresponding azide 4>Scheme 16 . 
Reduction of the carbonyl with a reducing agent such as sodium borohydride gives 
alcohol 5-Scheme 16 . Subsequent reduction of the azide with a reducing agent such 
as 1,3-propandithiol gives the free amine 6-Scheme 16 . Acylation or sulfonylation 
10 of the amine gives amide or sulfonamide 7-Scheme 16 . Finally, oxidation of the 
carbinol with an oxidant such as Jones gives the desired comppunds. 

Compounds of Formula Vm may be conveniently made using methods 
analogous to those in Schemes 17 and 18. 

15 




7 



20 a) NaN3, MeOH, H2O; b) Tosyl chloride, triethylamine, CH2a2; c) 
eiman dihydropyran resin (3), PPTS, C1(CH2)2C1; d) PhCH2NH2, toluene, 
80 degrees C; e) HATU, N-methyl morpholine, NMP; f) HS(C:H2)3SH, 
MeOH, Et3N; g) Cbz-leucine (6), HBTU, N-methyl morpholine, NMP; h) 
TFA. CH2Cl2» Me2S; i) Jones reagent, acetone 



25 



Azide opening of glycidol 1 -Scheme 17. followed by tosylation of the 
primary alcohol gave tosylaie 2-Scheme 17 . which was coupled to Ellman polymer 
3-Scheme 17 as described by described in /. Med. Chem. 1995, 58, 1427-1430 to 
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produce polymer 4>Scheme 17 . which was reacted with benzyl amine in toluene, 
then washed extensively with various solvents. Then, the azide was reduced with 
1,3-propanedithiol in MeOH, triethylamine, then was washed extensively with 
various solvents. Coupling of Cbz-leucine 6-Scheme 17 with the diamine S>Scheme 
5 i2 with equimolar amounts and a coupling reagent such as a dialkyi carbodiimide 
such as DCC or EDCI or HBTU/ N-methyl morpholine. Cleavage of the ether 
linkage to an alcohol was accomplished with trifluoroacetic acid with various 
scavengers. Finally, oxidation of the carbinol to a ketone 7-Scheme 17 with an 
oxidant such as Jones reagent provided the desired final product. 

10 




a) 4-pyridyl methyl amine, isopropanol, reflux; b) Cbz*leucine, HBTU, 
15 N*methyl morpholine, DMF; c) hydrazine, MeOH, reflux; d) 2- 

dibenzofiiransulfonyl chloride, N-methyl morpholine, DMF; e) Jones 
reagent, acetone 

N-{2,3-Epoxypropyl)phthalimide 1-Scheme 18 (Aldrich) was rcluxed with 
20 an amine such as 4-pyridiyl methyl amine in isopropanol. The secondary amine 2i 
Scheme 18 was then acylated with an acylating agent such as Cbz leucine or a 
sulfonylaiing reagent such as 2-dibenzofuransulfonyl chloride and base such as N- 
methyl morpholine in DMF. The phthalimide was then removed with hydrazine in 
MeOH and the resulting free amine was acylated with an acylating agent such as 
25 Cbz leucine or a sulfonylating reagent such as 2-dibenzofuransulfonyl chloride and 
base such as N-methyl morpholine in DMF. 

Compounds of Formula IX may conveniently be made using methods 
analogous to those in Schemes 19 and 20. 

30 
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Compounds of Fonnuia X may be conveniently made using methods 
analogous to those described in Schemes 21-27. 



5 Scheme 19 



O 
£ 

a) KOH, McOH«20; b) R66NHNH2. ElOH; c) EDC#HC1, l-HOBT, DMF 

10 

Compounds wherein X = CH, Y = S. Z = N and ;^ H, are prepared by 
methods analogous to those described in Scheme 19. Carboxylic ester 1 -Scheme 19 
is treated with a hydroxide base (such as lithoum hydroxide, sodium hydroxide or 
potassium hydroxide) in methanol/water to provide 2>Scheme 19. 3-Scheme 19 is 
IS treated with a hydrazine (such as methylhydrazine) in a protic solvent (such as 
ethanon to give 4-Scheme 19. 2-Scheme 19 and 4-Scheme 19 are coupled by 
treatment with a peptide coupling reagent (such as EDC*HCl/l-HOBT) in an aprotic 
solvent (such as DMF) to provide S-Scheme 19 . 
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5 a) Thiourea, EtOH; b) i. NaN02, 16% aqueous HBr, ii. CuBr, 16% aqueous HBr; 
iii. HBr (cat.), ElOH; c) ArB(OH)2, Pd(PPh3)4. CsF. DME; d) ArSnMes. 
Pd(PPh3)4. PhMe; e) H2NNH2*H20, EtOH; c) r65c02H, EDC^HCl, 1-HOBT, 
DMF. 



1 0 Compounds wherein X = S.Y = CHZ = NandV=: 2-mcthoxyphenyl or 2- 

benzyioxyphenyl, are prepared by mediods analogous to those described in Scheme 
20. Ethyl bromopyruvate fl-Scheme201 is treated with thiourea in refluxing 
ethanol to provide 2-Scheme 2Q. which is treated successively with sodium nitrite 
and copper (I) bromide in 16% aqueous HBr, and the product was heated in ethanol 

15 with a catalytic amount of HBr to give 3-Scheme 20 Treatment of this material 
with an arylboronic acid (such as 2-benzyloxyphcnylboronic acid), 
tetrakis(triphenylphosphine)palladium(0) and cesium fluoride in refluxing DME 
provides 20- Alternatively, 4:S£hfimfi^, may be prepared by treatment 

of 3-Schcmfi2Q with an arylstannane (such as 2-trimethylstannylanisole) and 

20 tetrakis(triphenylphosphine)palladium(0) in refluxing toluene. Treatment of 4^ 
Schgmg 20 with hydrazine hydrate in ethanol provides 5-Scheme 20 which is 
treated with a carboxylic acid (such as N-benzyloxycarbonyl-N*methyl-L-leucine, 
N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3-pyridinyhnethoxycarbonyl)-L- 
leucine orN-(4-pyridinylmethoxycarbonyl)-L-leucine) and a peptide coupling 
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reagent (such as EDC*HC]/l-HOBT) in an aprotic solvent (such as DMF) to provide 
6>Scheme 20. 



a) r67nh2, Py. CH2CI2; b) LiAiaj, THF; c) i. CI2CS, Py, CH2CI2; ii. NH3, 
MeOH or I. PhCONCS, CHQa; u, K2CO3. MeOH, H2O; d) Et02CCCX:H2Br, 
10 EtOH; e) H2NNH2«H20. EtOH; c) r65c02H. EDC*HC1. 1-HOBT, DMF. 

Compounds wherein X = S, Y = CH. Z = N and V = NR66r67^ ^ prepared 
by methods analogous to those described in Scheme 21. An acid chloride CL 
Scheme 21) is treated with a primary amine (such as 4-aminobiphenyl or aniline) 

IS and pyridine in an aprotic solvent (such as methylene chloride) to provide 2-Scheme 
2L which is treated with lithium aluminum hydride in THF to afford 3-Scheme 25 . 
Treatment of B-Scheme 21 with thiophosgene and pyridine in methylene chloride, 
followed by treanment with ammonia in methanol provides 4-Scheme 21. 
Alternatively* 4-Scheme 21 may be prepared by treatment of 3-Scheme21 with 

20 benzoyl isothiocyanate, followed by treatment of the intermediate benzoyl thiourea 
with potassium carbonate in methanol/water. 4-Scheme 21 is treated with 
hydrazine hydrate in ethanol to give S-Scheme21 . Treatment of S«Scheme 21 with 
a carboxylic acid (such as N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3- 
pyridinylmethoxycarix)nyl)-L*leucine or N-(4-pyridinylmethoxycarbonyl)-L- 

25 leucine) and a peptide coupling reagent (such as EDC^HCl/ 1-HOBT) in an aprotic 
solvent (such as DMF) affords 6-Scheme 21 . 



Scheme 21 
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Scheme 27 



H2NCSC02Et — ^ H — ii-> L^^"v^ 



2 



N-N N-N A " 



H O 

5 



a) H2NNH2-H20. EtOH; b) LC02C02i-Bu, 200 'C; c) H2NNH2-H20. EtOH; d) 
r65c02H. EDC»HC1. 1-HOBT. DMF 



Compounds wherein X and Y = N, and Z » NH. are prepared by methods 
10 analogous to those described in Scheme 26. l-Seheme 22 is treated with hydrazine 
hydrate in ethanol to give 2-Scheme 22. which is heated with a mixed anhydride to 
provide triazole 3-Scheme 22 This material is treated with hydrazine hydrate to 
provide 4-Sclieme 22 which is treated with a carboxylic acid (such as N- 
benzyloxycarbonyl-L-Ieucine) and a peptide coupling reagent (such as EDC»HC1/1- 
15 HOBT) in an aprotic solvent (such as DMF) to provide 5-Scheme 22. 
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5 a) TFA; b) r62c02H, EDOHCl, 1-HOBT, DMF; c) R62s02a i-Pr2NEt 

Compounds wherein X = S, Y = CH, Z = N, L = CH(R66)NR60r68 where 
r68 ?t Boc or Cbz, or r65 = CH(R69)nr61r70 where R^O ^ Boc or Cbz are 
prepared by methods analogous to those described in Scheme 27. 1 -Scheme 23 is 

10 treated with trifluoroacetic acid to provide 2-Scheme 23. This material is treated 
with a carboxylic acid (such as pryazinecarboxylic acid, isonicotinic acid, 4- 
imidazolylacetic acid or pipecolic acid) and a peptide coupling reagent (such as 
EDC*HCl/l-HOBT) in an aprotic solvent (such as DMF) to provide 3-Scheme 23 . 
3-Scheme 23 may also be prepared by treatment of 2-Scheme 23 with a sulfonyl 

IS chloride (such as 2-pyridinesulfonyl chloride) and a tertieary amine base (such as 
diisopropylethylamine) in an aprotic solvent (such as methylene chloride). 
Altematively, treatment of 4-Scheme 23 with trifluoroacetic acid provides 
Scheme 23. 
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Scheme 24 




5 a) EDCI. DMF; b) 2.PhCH20PhS02Cl NMM. DMF; c) TFA, DCM; d) 4.pyridyl 
acetic acid, HBTU, NMM« DMF; e) Jones 

U3-Diamino-propan-2-ol (or an N-alkyi substituted diamino-propanol) is 
coupled to a protected leucine analog (either Cbz- or Boc-) and another carboxylic 
10 acid or sulfonyl chloride. Removal of the protective group, followed by acylation or 
sulfonylation, and oxidation of the alcohol provides the desired compounds. 
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a) HBTU. NMM, DMF, allyl amine; b) mCPBA, DCM; c) McNH2. isopiopanol, 70 
5 C; d) Cbz-leucine, EDCI, DMF; e) Jones, acetone 

N-Allyl amine (or a N-alkyl-N*allyl amine) is coupled to a Cbz-amino acid 
(or sulfonylated with an aryl sulfonyl chloride), then the alkene is epoxidized with a 
peracid (or dimethyl diooxirane). The epoxide is opened with a subsituted amine, 
10 then the amine is acylated or sulfonylated. Final oxidation gives the desired 
ketones. 
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The starting materials used herein are commercially available amino acids or 
are prepared by routine methods well known to those of ordinary skill in the art and 
can be found in standard reference books, such as the COMPENDIUM OF 
ORGANIC SYNTHETIC METHODS. Vol. I-VI (published by Wilcy-faterscience). 
5 Coupling methods to form amide bonds herein are genenlly well known to 

the art. The methods of peptide synthesis generally set forth by Bodansky et al., 
THE PRACTICE OF PEPTIDE SYNTHESIS. Springcr-Verlag. flerlin. 1984; E. 
Gross and J. Meienhofer. THE PEPTIDES. Vol. 1. 1-284 (1979); and JM. Stewart 
and J.D. Young. SOLID PHASE PEPTIDE SYNTHESIS. 2d Ed.. Picice Chemical 
10 Co.. Rockfbrd. Dl.. 1984. are generally illustrative of the technique and are 
incorporated herein by reference. 

Synthetic methods to prepare the compounds of this invention frequentiy 
employ p«>tective gn>ups to mask a reactive fiinctionaUty or minimize unwanted 
side reactions. Such protective groups are described generaUy in Green. T.W, 
15 PROTECTIVE GROUPS IN ORGANIC SYNTHESIS. John Wflby & Sons. New 
York (1981). Hie term "amino pK)tecting groups" generally refers to the Boc. 
acetyl, benzoyl. Fmoc and Cbz groups and derivatives tfiereof as known to tiie art. 
Methods for pn>tection and deprotection, and replacement of an amino protecting 
group with another moiety are well known. 
20 Acid addition salts of the compounds of Formula I are prepared in a standard 

manner in a suitable solvent from the parent compound and an excess of an acid, 
such as hydrochloric, hydrobromic. hydrofluoric, sulfuric, phosphoric, acetic, 
trinuonwcetic, maleic. succinic or meU»anesulfonic. Certain of tiie compounds form 
inner salts or zwitterions which may be acceptable. Cationic salts are prepared by 
25 treating the parent compound witii an excess of an alkaline reagent, such as a 
hydroxide, carbonate or alkoxide. containing tiie q>pn>priate cation; or witii an 
appropriate organic amine. Cations such as Li+. Na+, K+, Ca++, Mg++ and NH4+ 
are specific examples of cations present in pbarmaceutically accepuble salts. 
HaUdes, sulfate, phosphate, alkanoates (such as acetate and trifluowwcetate), 
30 benzoates. and sulfonates (such as mesylate) are examples of anions present in 
pharmaceutically accepitable salts. 
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This invention also provides a pharmaceutical composition which comprises 
a compound according to Formula I and a pharmaceutically acceptable carrier, 
diluent or excipient. Accordingly, the compounds of Formula I may be used in the 
manufacture of a medicament. Pharmaceutical compositions of the compounds of 
S Fonnula I prepared as hereinbefore described may be formulated as solutions or 
lyophilized powders for parenteral administration. Powders may be reconstituted by 
addition of a suitable diluent or other pharmaceutically acceptable carrier prior to 
use. The liquid formulation may be a buffered, isotonic, aqueous solution. 
Examples of suitable diluents are normal isotonic saline solution, standard 5% 
10 dextrose in water or buffered sodium or ammonium acetate solution. Such 

formulation is especially suitable for parenteral administration, but may also be used 
for oral administration or contained in a metered dose inhaler or nebulizer for 
insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, 
gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or 
15 sodium citrate. 

Alternately, these compounds may be enci^ulated. tableted or prepared in 
an emulsion or syrup for oral administration. Phannaceutically acceptable solid or 
liquid carriers may be added to enhance or stabilize the composition, or to facilitate 
preparation of the composition. Solid carriers include starch, lactose, calcium 
20 sulfate dihydrate, terra alba, magnesium stearate or stearic acid, talc, pectin, acacia, 
agar or gelatin. Liquid carriers include syrup, peanut oil, olive oil, saline and water. 
The carrier may also include a sustained release material such as glyceryl 
monostearate or glyceryl distearate, alone or with a wax. The amount of solid 
carrier varies but, preferably, will be between about 20 mg to about 1 g per dosage 
25 unit. The pharmaceutical preparations are made following the conventional 

techniques of pharmacy involving milling, mixing, granulating, and compressing, 
when necessary, for tablet forms; or milling, mixing and filling for hard gelatin 
capsule forms. When a liquid carrier is used, the preparation will be in the form of 
a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 
30 formulation may be administered directly p.o. or filled into a soft gelatin capsule. 
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For rectal administration, the compounds of this invention may also be 
combined with excipienis such as cocoa butter, glycerin, gelatin or polyethylene 
glycols and molded into a suppository. 

S UtiUty of the Present Invention 

The compounds of Formula I are useful as protease inhibitors, particularly as 
inhibiton of cysteine and serine proteases, more particularly as inhibitors of cysteine 
proteases, even more particularly as inhibitors of cysteine proteases of the papain 
superfamily, yet more particularly as inhibitors of cysteine proteases of the 
10 cathepsin family, most particularly as inhibitors of cathepsin K. The present 

invention also provides useful compositions and formulations of said compounds, 
including pharmaceutical compositions and formulations of said compounds. 

The present compounds are useful for treating diseases in which cysteine 
proteases are implicated, including infections by Pneumocystis carinii, trypsanoma 
15 cruzi, uypsanoma brucei, and Crithidia fusiculata; as well as in schistosomiasis, 
malaria, tumor metastasis, metachromatic leukodystrophy, muscular dystrophy, 
amytrophy; and especially diseases in which cathepsin K is implicated, most 
particularly diseases of excessive bone or cartilage loss, including osteoporosis, 
gingival disease including gingivitis and periodcHitttis, arthritis, more specifically, 
20 osteoarthritis and rheumatoid arthritis, Paget*s disease; hypercalcemia of 
malignancy, and metabolic bone disease. 

Metastatic neoplastic cells also typically express high levels of proteolytic 
enzymes that degrade the surrounding matrix, and certain tumors and metastatic 
neoplasias may be effectively treated with the compounds of this mvention. 
25 The present invention also provi&s methods of treatment of diseases caused 

by pathological levels of proteases, particularly cysteine and serine proteases, more 
particularly cysteine proteases, even more particularly as inhibitors of cysteine 
proteases of the papain superfamily, yet more particularly cysteine proteases of the 
cathepsin family, which methods comprise administering to an animal, particularly a 
30 mammal, most particularly a human in need thereof a compound of the present 
invention. The present invention especially provides methods of treatment of 
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diseases caused by pathological levels of cathepsin IC which methods comprise 
administering to an animal, particularly a mammal, most particularly a human in 
need thereof an inhibitor of cathepsin K, including a compound of the present 
invention. The present invention particularly provides methods for treating diseases 
S in which cysteine proteases are implicated* including infections by Pneumocystis 
carinii, trypsanoma cruzi, trypsanoma brucei, and Crithidia fusiculata; as well as in 
schistosomiasis, malaria, tumor metastasis, metachromatic leukodystrophy, 
muscular dystrophy, amytiophy, , and especially diseases in which cathepsin K is 
impUcated, most paitictilarly diseases of excessive bone or cartilage loss, including 
10 osteoporosis; gingival disease including gingivitis and periodontitis, arthritis, more 
specifically, osteoarthritis and rheumatoid arthritis, Paget*s disease, hypercalcemia 
of malignancy, and metabolic bone disease. 

This invention further provides a method for treating osteoporosis or 
inhibiting bone loss which comprises internal administration to a patient of an 
IS effective amount of a compound of Formula I, alone or in combination with other 
inhibitors of bone resorption, such as bisphosphonates (i.e., allendronate), hormone 
replacement therapy, anti-estrogens, or calcitonin. In addition, treatment with a 
compound of this invention and an anabolic agent, such as bone morphogenic 
protein, iproflavone, may be used to prevent bone loss or to increase bone mass. 
20 For acute therapy, parenteral administration of a compound of Formula I is 

preferred. An intravenous infusion of the compound in 5% dextrose in water or 
normal saline, or a similar formulation with suitable excipients, is most effective, 
although an intramuscular bolus injection is also useful. Typically, the parenteral 
dose will be about 0.01 to about 100 mg/kg; preferably between 0. 1 and 20 mg/kg, 
25 in a manner to maintain the concentration of drug in the plasma at a concentration 
effective to inhibit cathepsin K. The compounds are administered one to four times 
daily at a level to achieve a total daily dose of about 0.4 to about 400 mg/kg/day. 
The precise amount of an inventive compound which is ther^utically effective, 
and the route by which such compound is best administered, is readily determined 
30 by one of ordinary skill in the art by comparing the blood level of the agent to the 
concentration required to have a therapeutic effect. 
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The compounds of this invention may also be administered orally to the 
patient, in a manner such that the concentration of drug is sufficient to inhibit bone 
resorption or to achieve any other therapeutic indication as disclosed herein. 
Typically, a pharmaceutical composition containing the compound is administered 
at an oral dose of between about 0. 1 to about SO mg/kg in a manner consistent with 
the condition of the patient. Preferably the oral dose would be about 0.5 to about 20 
mg/kg. 

No unacceptable toxicological effects are expected when compounds of the 
present invention are administered in accordance with the present invention. 

Biological Assays 

The compounds of this invention may be tested in one of several biological 
assays to determine the concentration of compound which is required to have a 
given pharmacological effect. 



Determination of cathepsin K proteolytic catalytic activity 

All assays for cathepsin K were carried out with human recombinant 
enzyme. Standard assay conditions for the determination of kinetic constants used a 
fluorogenic peptide substrate, typically Cbz-Phe-Aig-AMC, and were determined in 

20 100 mM Na acetate at pH 5.5 containing 20 mM cysteine and 5 mM EDTA. Stock 
substrate solutions were prepared at concentrations of 10 or 20 mM in DMSO with 
20 uM final substrate concentration in the assays. All assays contained 10% DMSO. 
Independent experiments found that this level of DMSO had no effect on enzyme 
activity or kinetic constants. All assays were conducted at ambient temperature. 

25 Plroduct fluorescence (excitation at 360 nM; emission at 460 nM) was monitored 
with a Perceptive Biosystems Cytofluor n fluorescent plate reader. Product 
progress curves were generated over 20 to 30 minutes following formation of AMC 
product. 



30 
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Inhibition studies 

Potential inhibitors were evaluated using the progress curve method. Assays 
were carried out in the presence of variable concentrations of test compound. 
Reactions were initiated by addition of enzyme to buffered solutions of inhibitor and 
S substrate. Data analysis was conducted according to one of two procedures 
depending on the appearance of the progress curves in the presence of inhibitors. 
For those conqx)unds whose progress curves were linear, apparent inhibition 
constants (Ki^app) were calculated according to equation 1 (Brandt et aL, 
Biochemitsry, 1989, 28, 140): 

10 

v^VmA /[Kad + I/Ki, app) +A7 

(1) 

where v is the velocity of the reaction with maximal velocity Vm.Ais the 
IS concentration of substrate with Michaelis constant of Kq, and / is the concentration 
of inhibitor. 

For those compounds whose progress curves showed downward ciuratuie 
characteristic of time-dependent inhibition, the data firom individual sets was 
analyzed to give kobs according to equation 2: 

20 

lAMC] = / + fvo . vss) [1 - exp HobsOJ / kobs 

(2) 

where [ AMC] is the concentration of product formed over time t, vq is the initial 
25 reaction velocity and V55 is the final steady state rate. Values for kobs were then 
analyzed as a linear function of inhibitor concentration to generate an apparent 
second order rate constant (kobs ' inhibitor concentration or kobs / PI) describing 
the time-dependent inhibition. A complete discussion of this kinetic treatment has 
been fully described (Morrison et al. Adv. EnzymoL Relet Areas Mol BioL 1988, 
30 67.201). 
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Human Osteoclast Resorption Assay 

Aliquots of osteoclastoma-derived cell suspensions were removed ftom 
liquid nitrogen storage, waimed rapidly at 37»C and washed xl in RPNa.1640 
medium by centrifugation (1000 ipm, 5 min at 4»Q. The medium was aspirated and 
5 replaced with murine anti-HLA-DR antibody, diluted 1:3 in RPMI-1640 medium, 
and incubated for 30 min on ice The cell suspension was mixed frequently. 

The cells were washed x2 with cold RPMI-1640 by centrifugation (1000 
rpm, S min at 4°Q and then transferred to a sterile 15 mL centrifuge tube. The 
number of mononuclear cells were enumerated in an inq>ioved Neubauer counting 
10 chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti- 
mouse IgG, were removed liiom their stock bottle and placed into 5 mL of fresh 
medium (this washes away the toxic azide preservative). The medium was removed 
by immobilizing the beads on a magnet and is replaced with fresh medium. 
1 5 The beads were mixed widi the cells and die suspension was incubated for 

30 min on ice. The suspension was mixed frequently. The bead-coated cells were 
immobilized on a magnet and the remaining cells (osteoclast-rich fraction) were 
decanted into a sterile 50 mL centrifuge tube. Fresh medium was added to die bead- 
coated cells to dislodge any trapped osteoclasts. This wash process was repeated 
20 xlO. The bead-coated cells were discarded. 

The osteoclasts were enumerated in a counting chamber, using a large-bore 
disposable plastic pasteur pipette to charge the chamber with die sanq}le. The cells 
were pelleted by centrifugation and the density of osteoclasts adjusted to 
1 .5x 10*/niL in EMEM medium, supplemented with 10% fetal calf serum and 
25 1.7g/litre of sodium bicarbonate. 3 mL aliquots of die cell suspension (per 

treatment) were decanted into 15 mL centrifuge tubes. These cells were pelleted by 
centrifugation. To each tube 3 mL of the ^>propriate treatment was added (diluted 
to 50 uM in the EMEM medium). Also included were qipropriate vehicle controls, 
a positive control (87MEM1 diluted to 100 ug/mL) and an isotype control (IgG2a 
30 diluted to 100 ug/mL). The tubes were incubate at 3TC for 30 min. 
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0.5 mL aliquots of the cells were seeded onto sterile dentine slices in a 48- 
well plate and incubated at 37T for 2 h. Each treatment was screened in 
quadruplicate. The slices were washed in six changes of warm PBS (10 mL / well 
in a 6-well plate) and then placed into fresh treatment or control and incubated at 
5 3TC for 48 h. The slices were then washed in phosphate buffered saline and fixed 
in 2% glutaraldehyde (in 0.2M sodium cacodylate) for S min., following which they 
were washed in water and incubated in buffer for S min at 37^C. The slices were 
then washed in cold water and incubated in cold acetate buffer / fast red garnet for 3 
min at 4''C. Excess buffer was aspirated, and the slices were air dried following a 
10 wash in water. 

The TRAP positive osteoclasts were enumerated by bright*field microscopy 
and were then removed from the surface of the dentine by sonication. Pit volumes 
were determined using the Nikon/Lasertec ILM21W confocal microscope. 

IS General 

Nuclear magnetic resonance spectra were recorded at either 250 or 400 MHz 
using, respectively, a Bruker AM 250 or Bruker AC 400 spectrometer. CDCI3 is 
deuteriochlorofonn, DMS0-d6 is hexadeuteriodimethylsulfoxide, and CD3OD is 
tetradeuteriomethanoL Chemical shifts are reported in parts per million (d) 

20 downfield from the internal standard tetramethylsilane. Abbreviations for NMR 
data are as follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd 
s: doublet of doublets, dt = doublet of triplets, app = apparent, br s broad. J 
indicates the NMR coupling constant measured in Hertz. Continuous wave infrared 
(IR) spectra were recorded on a Perkin-Elmer 683 infrared spectrometer, and 

25 Fourier transform infrared (FTIR) spectra were recorded on a Nicolet Impact 400 D 
infrared spectrometer. IR and FTIR spectra were recorded in transmission mode, 
and band positions are reported in inverse wavenumbers (cm'^). Mass spectra were 
taken on either VG 70 FE. PE Syx API HI, or VG ZAB HF instruments, using fast 
atom bombardment (FAB) or electrospray (ES) ionization techniques. Elemental 

30 analyses were obtained using a Perkin-Elmer 240C elemental analyzer. Melting 
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points were taken on a Thomas-Hoover melting point apparatus and aie unconected. 
All temperatures are reported in degrees Celsius. 

Analtecb Silica Gel GF and E Merck Silica Gel 60 F*2S4 thin layer plates 
were used for thin layer chromatogrq)hy. Both flash and gravity chromatography 
5 were carried out on E. Merck Kieselgel 60 (230-400 mesh) silica gel. 

Where indicated, certain of the materials were purchased from the Aldrich 
Chemical Co., Milwaukee, Wisconsin, Chemical Dynamics Corp., South Plainfield, 
New Jersey, and Advanced Chemtech, Louisville, Kentucky. 

10 Examples 

In the following synthetic examples, temperature is in degiees Centigrade 
C*C). Unless otherwise indicated, all of the starting materials were obtained from 
commercial sources. Without frirther elaboration, it is believed that one skilled in 
the art can, using the preceding description, utilize the present invention to its fiiilest 
15 extent. These Examples are given to illustrate the invention, not to limit its scope. 
Reference is made to the claims for what is reserved to the inventors hereunder. 



Exampk I 

Preparation of f2S.l\SV2-rbenzvloxvcariionvnaniinQ-N.ri^f2-car^ 

20. YlfS'-mtfhylbPWll^-BWthylpCTtMMiufe 

a) N-ben:^loxycarbonyl-L-leucinyl-L-leucinyl biomomethylketone 

l-Methyl.3-nitro-l-nitrosoguanidine (5.9 g, 40. 1 1 mmol) in ether (200 mL) 
is cooled to O'^C. 40% potassium hydroxide is added slowly and the diazomethane is 
allowed to collect in the ether solution for 30 minutes at OX. 

25 N-Cbz-L-LeucinyI*L-Leucine (Bachem) (4.0 g, 10.58 mmol) is stiired in 

tetrahydrofiiran at -40X, N-mediylmorpholine (L07 g, 10.58 mmol, 1.16 mL) and 
isobutyl chlorofonnate (1.45 g, 10.58 mmol, 1.38 mL) are added. The nuxture is 
stilted at -40**C for 15 minutes and then filtered into a cold flask to remove 
precipitated salts. To the filtered solution is added an excess of the previously 

30 prepared diazomethane solution and the mixture is allowed to stand at O^C for 16 h. 
An excess of 30% HBr in acetic acid is added at 0**C and the solution is then washed 
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successively with l.ON citric acid, saturated aqueous sodium bicarbonate (carefully), 
and brine. The solution is dried over sodium sulfate, filtered, and evaporated to give 
the title compound as a white solid (4.10 g). NMR (400 MHz, CDCI3) S 7.34 
(m. 5H), 6.51 (d, IH), 5.15 (d, IH), 5.10 (s, 2H), 4.78 (m, IH), 4.20 (m, IH), 4.04 
5 (dd, 2H). 1.63 (m, 6H), 0.93 (m, 12H). 

b) (2S,rS)-2-(benzyloxycaibonyl)amino-N-[r-(2K:arboethoxythia2ol-4-yl)-^ 
methylbutyl]-4-methylpentanamide 

The compound of Example 1(a) (2.0 g, 4.4 mmol) and ethyl thiooxamate 
10 (0.59 g, 4.4 mmol) were refluxed in ethanol for 4 h. The solvent was evaporated and 
the residue chromatographed (silica gel, 2.5% methanol/dichloromethane) to give 
the title compound as a white solid (1.46 g). NMR (400 MHz, CDCI3) 5 7.32 (s, 
IH), 7.21 (m, 5H), 6.40 (d, IH), 5.13 (dd, IH), 5.02 (s, 2H), 4.41 (q, 2H), 4.06 (m, 
IH). 1.71 (m, 2H). 1.47 (m. 4H), 1.33 (t, 3H), 0.73 (m, 12H). 

15 

Example 2 

Pieparation of f2S-rSV2-fbenzvloxvcarfaonvnamino-N-ri V2-caifaoxvtMazol-4-vn 

3-mgthylbti^l1-4-mgttiylpcptMaimtffi 

The compound of Example 1(c) (0.92 g, 1.88 mmol) was stirred in 
20 tetrahydrofiiran at O^'C with l.ON sodium hydroxide. After stirring for 1 h, the 
solution was quenched with l.ON citric acid and extracted three times with 
dichloromethane. The combined organic extracts were evaporated in vacuo to give 
the title compound as a white solid (0.844 g). ^H NMR (400 MHz, CDCI3) 5 7.40 
(s, IH). 7.23 (m, 5H), 6.89 (d, IH), 5.22 (d. IH), 5.14 (dd, IH), 5.02 (s. 2H), 4.15 
25 (m, IH). 1.67 (m, 2H), 1.44 (m, 4H), 0.81 (m. 12H). 



Example 3 

Preparation of f2S.l'S)-2-fbenzvloxvcaffaonvn ainino-N-f r-^2-carboxamidQthia2ol. 
4-vn-3'-inethvlbutvll-4-methvlpentanamide 
30 The compound of Example 2 (0.408 g. 0.88 mmol) in tetrahydrofiiran was 

cooled to -40°C and treated with N-methylmoipholine (0.185 g, 1.85 mmol, 0.2 
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mL) and isobutyl chlorofonnate (0. 12 g, 0.88 mmol, 0. 1 1 mL). The mixture was 
stirred at -40^C for IS minutes and then ammonia was bubbled through the solution 
for several minutes. The mixture was allowed to warm to room temperature and 
was then diluted with ethyl acetate and washed successively with l.ON citric acid, 
5 5% aqueous sodium bicarbonate, and brine. The organic solution was dried over 
magnesium sulfate, filtered, and evaporated to a residue which was 
chromatograpbed (silica gel, 3% methanol/dichloromethane) to give the title 
compound as a white solid (0.245 g). NMR (400 MHz, C3X:i3) 5 7.22 (m, 5H), 
7.04 (s. IH), 6.40 (br s, IH), 5.51 (br s, IH), 5.09 (m, IH), 5.02 (dd, 2H), 4.07 (m, 
10 IH), 1.66-1.42 (m, 6H). 0.82 (m, 12H). 



Example 4 

Preparation of f2S.lVSV2-fben2vloxvcarfaQnvi^anrinQ -N41^r2-cvannthia2ol-4.vn^^ 
methvlbutvn-4-methvlpentanamide 

15 The compound of Example 3 (0. 185 g, 0.4 mmol) was dissolved in 

dichloromethane, cooled to O^C and treated with TFAA (0.093 g, 0.44 mmol, 0.06 
mL) and pyridine (0.07 g, 0.88 nunol, 0.07 mL). After 3 h, the mixture was poured 
into a solution of saturated aqueous sodium bicarbonate and extracted with 
dichloromethane. The organic extracts were washed with 5% hydrochloric acid and 

20 brine, dried over magnesium sulfate, filt^ed, and evaporated to an oil which was 
chromatograpbed (silica gel, 40% ethyl acetate/hexane) to give the title compound 
as a white solid (0.095 g). ^H NMR (400 MHz, CDCI3) 6 7.44 (s, IH), 7.29 (s, 
5H), 6.51 (brd, lH),5.14(m, IH), 5.07 (s, 2H), 4.11 (m, IH), 1.78-1.41 (m,6H), 
0.83 (m, 12H). 

25 

Preparation of f 2S. 1 \SV2-fben2vlox vcarbonvl^amino-N-r 1 '-r2-f N'. 
bcnzvlcarboxamido)thia2oM-vlU3^methvlbutvll- 4>methvlp entAnarniriP. 

To a solution of the compound of Example 2 (0.12 g, 0.26 mmol) in 
30 dichloromethane under argon at room temperature is added benzylamine (0.03 g, 
0.29 mmol, 0.03 mL), BOP reagent (0.1 15 g, 0.26 nunol), and triethyl amine (0.026 
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g, 0.26 mmol, 0.04 mL) which is allowed to stir for 16 h. The solution is washed 
with water, then brine and the organic layer is dried over magnesium sulfate, 
filtered, and evaporated to give a residue which was chn)matognq>hed (silica gel. 
40% ethyl acetate/hexane) to give the title compound as a white solid (0.065 g). 
5 NMR (400 MHz, CDQa) 5 7.56 (br s, IH), 7.33 (m. lOH), 6.48 (br d. IH), 5.15 
(dd, IH), 5.03 (s, 2H), 4.63 (d. 2H). 4.12 (m. IH), 1.72-1.40 (m, 6H), 0.85 (m, 
12H). 

Example 6 

10 Preparation of (2S.l'SV2-fbeiizvloxvcarbonvl>amino-N-ri'-r2.fN'-r?t. 

methvlpropvltoarfaoxamidoltbia2ol-4-vll.3'-methvlbutvl1-4-methvlpentanamide 

FoUowing the procedure of Example 5, except substituting isobutylamine for 

benzylamine. the title compound was prepared (0.074 g). NMR (400 MHz, 

CDOs) 5 7.27 (s, 5H). 7.19 (s, IH). 6.38 (br d, IH). 5.09 (m. IH). 5.01 (s, 2H), 
IS 4.07 (m. IH). 3.20 (dd. 2H). 1.83 (m. IH). 1.69-1.40 (m. 6H). 0.90 (d. 6H), 0.81 

(m, 12H). 

Example 7 

Pmparation of f2S.l'SV2.rhenzvlo«veaAonvnaminQ.N-rr.r2-fN'.r2. 

20 DhenvledivlkMrboxamidolthiazol-4-vn-3'-methvlbiityn-4-methvlpentaniimide 
FoUowing the procedure of Exan^tle 5, except substituting 2- 
phenylethylamine for benzylamine. the title compound was prepared (0.070 g). ^H 
NMR (400 MHz, CDCI3) 8 7.30-7.1 1 (m, 1 IH), 6.35 (br d, IH), 5.09 (m, IH). 5.01 
(s, 2H). 4.05 (m, IH). 3.64 (m, 2H), 2.87 (t, 2H), 1.69-1.40 (m. 6H), 0.80 (m, 

25 12H). 
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Example 8 

Preparation of f2S.l'S)-2>fbenzvloxvcarbonvnaminQ-N-riU4-garh ^ 

Yl)-3'-mgthYlbBWlH'mglhylpeB?Mam^ 

a) N-rerr-butoxycarbonyl-CLHeucinamide 

5 To a solution of N-terf-butoxycaibonyl-(LHcucinc (Advanced Chemtech) 

(5.0 g, 20.0 mmol ) in dry THF (lOOmL) at -40^C was added isobutyl chloroformate 
(2.7 g, 20.0 mmol) and N-methylmoiphiline (4.2 g, 42 mmol). After IS minutes of 
stirring, ammonia was bubbled through the mixture for an additional 15 minutes, 
then warmed to room temperature and allowed to stir for 2 hours. Mixture filtered 
10 and filtrate concentrated in vacuo to yield title compound as a white solid (4.9 g, 
19.7 mmol). »H NMR (400 MHz, CDCI3) 6 6.38 (br s, IH ), 5.79 (br s. IH), 5.04 
(br d, IH), 4.13 (m, IH), 1.71-1.49 (m, 3H), 1.39 (s, 9H), 0.92 (dd, 6H). 

b) N-rm-butoxycarbonyl-L-leucinethioamide 

15 To a stirring solution of the compound of Example 8(a) (2.38 g, 10.35 

nunol) in dry THF was added Lawessons reagent (2.51 g, 6.21 mmol) and the 
mixture was stined at room tenq^erature under aigon overnight. The solvent was 
evaporated and the residue chromatographed (silica gel, 2.5% 
methanol/dichloromethane) to give the title compound as a white solid (2.3 g). ^H 

20 NMR (400 MHz, CDQa) 5 8.54 (br s. IH), 7.97 O^r s, IH). 5.28 (br d, IH), 4.52 
(m, IH), 1.72-1.58 (m, 3H), 1.40 (s, 9H), 0.92 (d, 6H). 

c) (lS)-l-(re/t-butoxycarbonyI)aniino- l*(4-carboethoxythiazol-2-yl)-3- 
methylbutane 

25 The compound of Example 8(b) (2.40 g, 9.76 nunol) was stirred in dry 

acetone (20 mL) under argon at -lO^C. Ethylbromopyruvate (2. 12 g, 10.73 mmol, 
1.35 mL) was added and stirred for 1 h at -10**C. The solution was poured into a 
well stirred mixture of chloroform and water and then saturated with sodium 
bicarbonate. The organic phase was separated and the aqueous layer extracted with 

30 chlorofonn. The combined organic extracts were dried over MgS04, filtered, and 
evaporated to an oil. The oily residue was treated with TFAA (2.19 g, 10.73 mmol. 
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1.5 mL) and pyridine (1.70 g, 21.47 mmol, 1.7S mL) in dichloromethane for 1 b at - 
20^C. Excess solvent was removed in vacuo and the residue was dissolved in 
dichloromethane. The solution was washed with saturated aqueous sodium 
bicarbonate and l.ON KHSO4 until pH 7. The solution was dried over sodium 
S sulfate, filtered* and evaporated to an oil which was chromatographed (4% 
methanol/dichloromethane) to give the title compound as a tan solid ( 1 .2 g). 
NMR (400 MHz, CDCI3) 8 7.98 (s, IH). 5.04 (br d. IH), 4.95 (m, IH). 4.31 (q, 
2H), 1.88 (m, IH). 1.63 (m. 2H). 1.40 (s. 9H). 1.32 (t. 3H). 0.85 (dd, 6H). 

10 d) (2S. 1 'S)-2-(benzyloxycarbonyl)amino-N-[r-(4-cart)oethoxythiazol-2-yl)-3 - 
methylbutyl]-4-methylpentanamide 

The compound of Example 8(c) (1.0 g. 2.92 mmol) was dissolved in neat 
TFA (1.0 mL) and stirred for 15 minutes. The solution was diluted with methanol 
and evaporated in vacuo. A portion of the residue obtained (0.36 g, 1.49 mmol) was 

1 5 dissolved in dichloromethane with N-Qiz-L-leucine (0.394 g, 1 .49 mmol) , BOP 
reagent (0.66 g, 1.49 mmol) , and triethylamine (0.73 g, 7.2 mmol, 1.0 mL) and 
stirred at room temperature for 16 h. The solution was washed with water, then 
brine and dried over magnesium sulfate, filtered, and evaporated to a residue which 
was chromatographed (silica gel, 40% ethyl acetate/hexane) to give the title 
20 compound as a white soUd (0.396 g). NMR (400 MHz, CDCI3) 5 7.96 (s, IH), 
7.25 (s, 5H), 6.61 (br d, IH), 5.30 (m, IH), 5.09 (br d, IH), 5.01 (s, 2H). 4.33 (q, 
2H), 4.10 (m. IH), 1.90-1.58 (m, 6H), 1.29 (t, 3H), 0.81 (dd, 12H). 



Example 9 

25 Preparation of f2S.rSV2-n3enzvloxvcarbonvnamino-N-rr-(4-carboxvthiazol-2-vlV 

3'mpthylbtityl1-4'methylpeqtffljimiidg 

Following the procedure of Example 2, except substituting (2S,rS)-2- 
(benzyloxycarbonyl)amino-N-[ 1 -(4^arbocthoxythiazoI-2-yl)-3'-methylbutyl]-4- 
methylpentanamide for (2S,rS)-2-(benzyloxycarbonyl)ainino-N-[r-(2- 
30 carboxythiazol-4-yl)-3 -methylbuty]]-4-methylpentanamide, the title compound was 
prepared (0.301 g). ^H NMR (400 MHz, CDCI3) 6 8.06 (s. IH). 7.24 (m, 5H). 7.1 1 
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(d, IH). 5.30 (m, 2H), 5.04 (s, 2HX 4,16 (m. IH). 1,88-1.40 (m, 6HX 0,71 (dd. 
12H), 

EXMlipte IP 

5 Preparation of f2SJ'SV2-fbenzvloxvcaifaQnvnaimfio>N^rr-rA, 
cari>QCthQXYthiadia20l-2>vlV3'-methvlbutvl1-4-i^^ 

a) N-rerr-butoxycait)onyl-L-Ieucine methyl ester 

To a stining suspension of L-leucine methyl ester hydrochloride (Aldrich) 
(6.00 g, 33.0 mmol) and di-rm-butyl dicaibonate (7.21 g, 33.0 nunol) in THF (35 

10 mL) was added triethylamine (3.34 g, 33,0 nomol, 4.60 mL). The mixture was 
allowed to stir at room temperature for 3 d. The mixture was diluted with ethyl 
acetate and washed with 1 N HCl (2 times), water, and saturated brine, then dried 
over magnesium sulfate, filtered and concentrated to give the title compound as a 
colorless oil (8.02 g, 99%). ^ H NMR (400 MHz, CDCI3) 8 4.88 (d, IH), 4.33-4.31 

15 (m, IH). 7.73 (s, 3H). 1.75-1.48 (m, 3H). 1.44 (s, 9H), 0.96 (d, 3H), 0.93 (d, 3H). 

b) N-rerr-butoxycarbonyl-L-leucine hydrazide 

To a stining solution of the compound of Example 10(a) (8.02 g. 32.7 
mmol) in methanol (250 mL) was added hydrazme hydrate (16.38 g, 327 mmol, 
20 15.9 mL), After stirring for 22 b at room temperature, the solution was 

concentrated and the residue was azeotroped witfi toluene to provide the title 
compound as a white foam (8.02 g. 100%), iH NMR (400 MHz, CDCI3) 8 7.71 (br 
s, IH). 4.99 (d, 2H), 4.12^.10 (m, IH), 3.94 (br s, 2H), 1.68-1.49 (m, 3H), 1.44 (s, 
9H), 0.95 (d. 3H), 0.92 (d, 3H). 

25 

c) (2S)*N-[2-(benzyloxycarbonyl)amino-4*methylpentanoyl]-N- 
carboethoxycaibonylhydrazide 

To a stirring solution of the compound of Example 10(b) (8.02 g, 32.7 
mmol) and pyridine (2.85 g, 36.0 nunol, 2.91 mL) in dichloromethane (200 mL) 
30 was added ethyl oxalyl chloride (4.91 g, 36.0 nunol, 4.02 mL). After stirring at 
room temperature for 2 h, thye solution was washed with 1 N HCl, water, saturated 
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aqueous scxliuxn bicaibonate and saturated brine, then dried over magnesium sulfate, 
filtered, and concentrated to afford the title compound as a white foam (9.84 g, 
87%). NMR (400 MHz, CDCI3) 5 9.32 (br s, 2H), 5.04 (d, 2H), 4.38 (q, 2H), 
4.28 (m. IH), 1.77-1.56 (m, 3H), 1.44 (s, 9H), 1.39 (t, 3H), 0.96 (d, 3H), 0.94 (d. 
5 3H). 

d) ( 1 Sy 1 -(rm-butoxycaibonyl)amino- 1 -(4-caiboethoxythiadiazol-2-y l)-3- 
methylbutane 

To a stirring solution of the compound of Example 10(c) (2.50 g, 7.24 
10 mmol) in toluene (70 mL) was added Lawesson's reagent (1.46 g, 3.62 mmol). The 
mixture was heated at reflux for 3 h. The solution was diluted with ether, washed 
with saturated aqueous sodium bicaibonate and saturated brine, then dried over 
magnesium sulfate, filtered and concentrated to leave a pale yellow oil. The crude 
material was purified by flash chromatography on 75 g of 230-400 mesh silica gel, 
1 S eluting with 1 :4 ethyl acetate/hexanes, to provide the title compound as a pale 
yellow solid (1.75 g, 70%). »H NMR (400 MHz, CDCI3) 8 5.19 (m. IH), 5.13 (d, 
IH), 4.51 (q, 2H), 1.95 (m, IH), 1.83-1.73 (m, 2H), 1.44 (s, 9H), 1.00 (d, 3H), 0.98 
(d,3H). 

20 e) (lS)-l-aniino-l-(4-carboethoxythiadiazol-2-yl)-3*methylbutanebis- 

trifluoroacetate salt 

To a stirring solution of the compound of Example 10(d) (1.75 g, 5.1 mmol) 

in dichloromethane (40 mL) was added TFA (10 mL). After stirring for 5 min at 

room temperature, the solution was concentrated to give the title compound as an 
25 oUy pale yellow solid (2.40 g, 100%). 'H NMR (400 MHz. CDCI3) 6 9.83 (br s, 

4H), 5.20 (m, IH), 4.51 (q, 2H), 2.07 (m, 2H), 1.70 (m, IH). 1.44 (t, 3H). 1.00 (t, 

3H). 

f) (2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-1 1 -(4-carboethoxythiadiazol-2-yl)-3 - 
30 methylbutyl]-4-methylpentanamide 
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To a sdrring solution of the con^wund of Example 10(e) (566.1 mg, 1^0 
mmol). N-Cte-L-leucine (250.5 mg. 1.32 mmol), l-(3-<iimethylaminopropyl)-3- 
ethylcaitodiimide hydrochloride (253.3 mg. 1.32 mmol) and 1- 
hydroxybcnzotriazole (32.5 mg. 0.24 mmol) in 2.5 mL of DMF was added 
5 triethylamine (243.1 mg, 2.40 mmol, 0.335 mL). After stiiring at room temperature 
for 3 d, the mixture was dUuted with ethyl acetate and washed with water, saturated 
aqueous sodium bicarbonate and saturated brine, then dried over magnesium sulfate, 
filtered and concentrated to give a yellow oil. The cride material was purified by 
flash chromatography on 20 g of 230-400 mesh silica gel, eluting with 1 :2 ethyl 
10 acetate/hexanes. to provide the tide compound as a white solid (27 1 mg, 46%). iR 
NMR (400 MHz, CDCI3) 6 7.35 (s, 5H), 6.77 (d, IH), 5.49 (m, IH). 5.12 (dd, 2H). 
4.51 (q. 2H). 4.20 (m. IH). 1.97(m. IH), 1.88 (m, IH). 1.66 (m. 3H). 1.52 (m. IH). 
1.45 (t, 3H), 0.97-0.92 (m, 12H). 

15 Example 1 1 

Preparation of (2sS.rS)-2-fbenzvloxvcarfaonvnaniino.N -rr-r2-cafhft.2 
trifluorocthoxvthia701-4-vn-3'.methvlhutvll.4.methvip^nf».«a,^|rt^ 

The compound of Example 2 (0.200 g, 0.433 mmol), 1,1,1 trifluoroedianol 
(.052 g, 0.52 nomol. .04 mL), pyridine (0.1 mL), and di-t-butyl dicarbonate (0.104 

20 g, 0.477 mmol) were stirred in ediyl acetate at room temperature for 16 h. The 
solution was diluted with ethyl acetate and washed successively with 5% 
hydrochloric acid, 10% aqueous sodium bicarbonate, and brine. The organic layer 
was dried over magnesium sul&te, filtoed, and tvapotated to give a residue which 
was chroraatographed (silica gel, 20 % ediyl acetate/hexane) to give the tide 
25 compound as a white soUd (.098 g). ^H NMR (400 MHz, CDCI3) 8 7.50 (s, IH), 
7.36 (s, 5H), 6.64 (d, IH). 5.22 (m, 2H), 5.09 (s, 2H), 4.73 (m, 2H), 4.16 (m, IH). 
1.66-1.41 (m. 6H), 0.87 (m, 12H). 
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Example 12 

Preparation of f2S.l'SV2-ft)en2vloxvcarbonvnamino-N41'-(4- 
caiiKiethoxvoxadia2ol>2>vlV3'>methvlbtttvll-4-mcA^ 

a) ( 1 S)- 1 -(/e/t-butoxycaxtK)nyl)amiiio- 1 -(4-caiboethoxyoxadiazol-2-yl)-3- 
5 methylbutane 

To a stirring solution of the compound of Example 10(c) (2.S0 g, 7.24 
mmol) and pyridine (L49 g, 18.8 nmiol, 1.52 mL) in ether (IS mL) was added 
thionyl chloride (1.12 g, 9.41 mmol, 0.69 mL). After stirring at room temperature 
for 2 h, the solid was removed by filtration and the filtrate was concentrated. The 

10 residue was dissolved in toluene and heated at reflux. After 12 h, the solution was 
concentra^ to leave a brown oil. The residue was purified by flash 
chromatography on 1 75 g of 230-400 mesh silica gel, eluting with 1 :4 ethyl 
acetateyhexanes, to give the title cooq>und as a pale yellow oil (0.84 g, 35%). 
NMR (400 MHz, CDCI3) 8 5.14 (m, IH), 5.03 (br d, IH), 4.52 (q, 2H), 1.78-1.70 

15 (m. 3H). 1.44 (s, 9H), 0.99 (d, 6H). 

b) (lS)-l-amino-l-(4-carbocthoxyoxadiazol-2-yl)-3-mcthylbutane 

Following the procedure of Example 10(e), except substituting (ISyi-itert- 
butoxyca]ix>nyl)aniino-l-(4-caitoethoxyoxadiazol-2-yl)-3-methylbu^ for (IS)-l- 
20 (rerr-butoxycaifoonyl)anuno-l<4-caiboethoxythiadiazol-2-yl)-3-methyl^^ the 
tide compound was prepared (582 mg, 100%). NMR (400 MHz, CDCI3) 5 4.99 
(t, IH). 4.52 (q, 2H), 2.10-2.02 (m, 2H), 1.77-1.70 (m, IH), 1.44 (t, 3H). 1.00 (t, 
6H). 

25 c) (2S, 1 •S)-2-(benzyloxycaibonyl)amino-N-[ 1 -(4-cari)oethoxyoxadiazol-2-yl)-3 - 
methylbutyl]-4-methylpentanamide 

Following the procedure of Example 10(f), except substituting (IS)-l- 
amino-l-(4-carboethoxyoxadiazol-2-yl)-3-methylbutane for (lS)-l-amino-l-(4- 
carboethoxythiadiazol-2-yl)-3-methylbutane, the title compound was prepared (235 

30 mg. 39%). IH NMR (400 MHz. CDCI3) 5 7.26 (s, 5H), 6.64 (s. IH), 5.45-5.39 (m. 
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IH), 5.12 (m, 3H). 4.52 (q. 2H). 4.20 (m. IH). 1.81 (m. 2H). 1.68-1.64 (m, 3H), 
1.54-1.50 (m. IHX 1.46 (t, 3H), 0.97-0.92 (m. 12H). 

Example 13 

5 PftParation of f2SJ'SV2-(bcnzvloxvcart)onvl-L-leucinvnam»,T^]s^41^ 
c«boethQXVthiazol-2>vlV3^methvlbutvll^m^^^ 

The compound of Example 8(c) (160.7 mg, 0.47 mmol) was dissolved in 
neat TFA (1.0 mL) and stirred for 15 minutes. The solution was diluted widi 
methanol and evqxirated to dryness. The residue was dissolved in DMF (2 mL) and 
10 to the resulting solution was added N-Cbz-L-leucinyl-L-leucine ( 1 94.0 mg, 0.52 
nunol), l-(3-dimethylanunopropyI)-3-ethylcaibodiimide hydrochloride (99.0 mg, 
0.52 mmol) and 1 -hydroxy benzotriazole (13.0 mg, 0.094 mmol) and triethylamine 
(94.7 mg, 0.936 mmol, 0.13 mL). After stirring at room temperature for 24 h» the 
mixture was diluted with ethyl acetate and washed with water, saturated aqueous 

15 sodium bicarbonate and saturated brine, then dried over magnesium sulfate, filtered 
and concentrated. The residue was purified by flash chromatography on 230-400 
mesh silica gel, eluting with ethyl acetate/hexanes, to provide the title conq)ound 
(0.146 g). lHNMR(400MH2.CDCl3)58.04(s, IH), 7.33 (m,5H). 7.14 (d, IH), 
6.61 (d. IH), 5.37 (m, 2H), 5.08 (m, 2H), 4.47 (m, IH). 4.39 (q. 2H), 4.18 (m. IH), 

20 1.98 - 1.45 (m, 9H), 1.38 (t. 3H), 0.94 - 0.86 (m, 18H). 

Exan^ple 14 

Reparation of f2S-rSV2-fben2vloxvc arbonvnaminrv.N-rr-r4- 
C«boxamidQOxadia7X>l-2-vn-3*-methvlbutvll-4-mft^ ^^^ 

25 Ammonia was bubbled through a solution of the compound of Example 12 

(96.8 mg. 0.2 mmol) in ethanol (2 mL) for 5 inm. After stirring an additional 5 
min, the solution was concentrated to give the title compound as a white solid (91 .2 
mg, 98%). IH NMR (400 MHz, CDCI3/CD3OD) 5 7.29 (s. 5H), 5.90 (d, IH), 5.30 
(I, IH), 5.04 (s, 2H), 4.15 (m, IH), 1.76 (m, 2H), 1.59-1.43 (m, 4H). 0.92-0.85 (m, 

30 12H). 
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Preparation of f2SJ'SV2-n3en2vtoxvcaftiQnvnamino>N-ri'-f2-^^ 
vlV3'-methvlbutvlV3>phenvlpropanainide 

a) N-(9-fluoienylinethoxycaibonyl)-L-leucinyl bromomethyl ketone 

5 Following the procedure of Example 1(a), except substituting N-(9- 

fluorenylinethoxycaibonyl)-L-leucine for N-benzyloxycarbonyl-L-leucinyl-L- 
leucine, the title compound was prepared (S.6 g). NMR (400 MHz, CDCI3) 5 
7.71 (d, 2H). 7.51 (d, 2H), 7.34 (dd, 2H), 7.22 (dd, 2H). 5.08 (d, IH). 4.53 (m, IH), 
4.36 (dd, 2H), 4.13 (dd, 2H), 3.89 (dd, 2H), 1.62-1.41 (m, 3H). 0.88 (m. 6H). 

10 

b) ( IS)- 1 -(2-carboethoxythia2ol-4-yl)- 1 -(9-fluorenylmethoxycarbonyl)amino-3- 
methylbutane 

Following the procedure of Example 1(b), except substituting N-(9- 
fluorenylmethoxycarbonyl)-L-leucinyl bromomethyl ketone for N- 
15 Benzyloxycaibonyl-L-leucinyl-L-leucinyl bromomethylketone, the title compound 
was prepared (4.13 g). IH NMR (400 MHz. CDCI3) 5 7.72 (d, 2H), 7.49 (d, 2H), 
7.32 (dd, 2H), 7.22 (dd, 2H), 7.19 (s, IH), 5.31 (d, IH). 4,88 (m. IH). 4.40 (q. 2H). 
4.28 (d, 2H), 4.08 (t. IH). 1.62-1.41 (m. 3H). 1.36 (t,3H), 0.88 (m. 6H). 

20 c) (lS)-l-aniino-l*(2-carboethox3rthiazol-4-yl)-3-niethylbutane 

The compound of Example 15(b) (0.5 g.. 1.1 nunol) was stirred in a 5% 
piperidine/DMF solution for 10 minutes at room temperature. The solvents were 
evaporated and the solid obtained was dried in vacuo to give the title compound 
(0-27 g). 

25 

d) (2S, rS)-2-(benzyloxycarbonyl)amino-N-[ 1 -(2-carboethoxythiazol-4-yl)-3*- 
methylbutyl]-3-pbenylpn>panamide 

Following the procedure of Example 5, except substituting (IS)-l-amino-l- 
(2-carboethoxythiazol-4-yl)-3-methylbutane for benzylamine, and N-Cbz-L- 
30 phenylalanine for (2S, 1 'S)-2-(benzy loxycarbonyl)amino-N-[ 1 '-(2-carboxythia2ol-4- 
yl)-3 -methylbutyl]-4-methylpentanamide, the title compound was prepared (0.162 
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g). >H NMR (400 MHz. CDCI3) 6 7.27 (m. 5H), 7.1 1 (s. IH), 7,04 (m, 5H), 6.12 
(d, IH). 5.24 (d. IH). 5.10 (q. IH). 5.01 (s. 2H). 4.37 (q, 2H). 4.21 (m. IH). 2.91 
(m. 2H). 1.62 (m. 3H). 1.37 (t. 3H). 0.81 (m. 6H). 

5 Example 16 

Preparation of r2S.l'Sl-2WT>en^loTvcariionvl-I^teiiginvnflminn-l^.f j'-fp. 
carboethoxvthiazol-4-vlV3^inethvlbutvn^niethvlpenbmamide 

Following the procedure of Example 5, except substituting (1 S)-l -amino- 1- 
(2-caiboethoxydiiazol-4-yl)-3-niethylbutane forbenzylamine, and N-Cbz-L- 
10 leucinyl-L-leucine for (2S.rS)-2-G)enzyloxycaibonyl)amino-N-[r-(2- 

caiboxythiazol-4>yl)-3'-methylbutyl]-4-niethylpentananiide, the title compound was 
prepared (0.098 g.). NMR (400 MHz. CDCI3) 6 7.39 (s, IH). 7.25 (m, 5H). 
6.87 (d. IH). 6.49 (d, IH). 5.30 (d. IH). 5.16 (q.lH), 4.99 (s, 2H), 4.36 (q. 2H). 
4.31 (m, IH), 4.09 (m. IH), 1.74-1.38 (m. 9H). 1.32 (t, 3H). 0.80 (m. 15H). 

15 

Example 17 

Preparation of f2S.l'SV2-rbenzvloxvcaifaonvnamino-N-fr.f5.nien!apto-1.2.4. 

owdiawl-3-yl)-3'-mgthylbHtyn-4-methy>pgntOTanudc 
a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester 

20 N-Cbz-L-leucine (Chemical Dynamics) (1.32 g. 4.97 mmol), L-leucine 

methyl ester hydrochloride (Aldrich) (0.99 g. 5.47 mmol). 1-hydroxybenzotriazole 
(0.14 g, 1.0 mmol) and l-(3-dimethylaminoivopyl)-3-etl^lcaibodiimide 
hydrochloride (1.05 g, 5.47 mmol) were combined, dissolved in 25 mL of DMF and 
stirred at room temperature for 15 h. The solution was diluted with ethyl acetate 

25 (250 mL) and washed successively with water, 0. 1 N HCl, saturated aqeous 

NaHC03 and saturated brine, then dried (MgS04), filtered, and concentrated. The 
residue was purified by flash chromatognqihy on 230-4(X) mesh silica gel, eluting 
with 1 :3 ethyl acetate hexanes, to give the title compound as a white soUd ( 1 .28 g. 
66%). »H NMR (400 MHz. CDCI3) 8 7.37-7.32 (m, 5H), 6.28 (d. IH). 5.28 (m, 

30 3H). 4.61-4.58 (m. IH). 4.20 (m. IH). 3.74 (s, 3H). 1.69-1.54 (m. 6H). 0.96-0.92 
(m. 12H). 
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b) N-benzyloxycaibonyl-L-leucinyl-L-Ieucinylhydiazide 

To as stirring solution of the compound of Example 17(a) (1.28 g, 3.26 
mmol) in 25 mL of methanol was added hydrazine hydrate (1.63 g, 32.6 mmol, 1.58 
5 mL) and the solution was allowed to stir at room temperature for 15 h. The solution 
was evaporated to dryness to give the title compound as a white solid (L28 g, 
100%). IH NMR (400 MHz, CDCls) 5 8.05 (br s. IH). 7.35-7.32 (m, 5H), 6.67 (d, 
IH). 5.50 (d, IH). 5.1 1 (s, 2H), 4.46 (m, IH), 4.21 (m, IH), 3.88 (br s, 2H). 1.64- 
1.51 (m, 6H), 0.92-0.88 (m, 12H). 

10 

c) (2S, 1 'S)-2-(benzy loxycarbonyl)amino-N-[ 1 -(5-mercapto- 1 ,2,4-oxadiazol-3-yl)- 
3-methylbutyl]-4-methylpentanamide 

To a stirring solution of the compound of Example 17(b) (0.3 g, 0.76 nunol) 
in 1.5 mL of chloroform was added triethylamine (0.155 g, 1.53 mmol, 0.213 mL) 

15 and thiophosgene (0.068 g, 0.76 nomol, 0.058 mL). The solution was heated at 

reflux for 3 h, then cooled to room temperature. The mixture was diluted with ethyl 
acetate, washed with water and saturated brine, dried (MgS04), filtered, and 
concentrated. The residue was purified by flash chromatography on 230-4(X) mesh 
silica gel, eluting with 11% methanol in dichloromethane, to give the title 

20 compound as a white solid (0.20 g, 61%). NMR (400 MHz, CDCI3) 5 7.36 (m, 
6H), 6.85 (d, IH), 5.37 (d, IH), 5.14 (m, 3H). 4.24 (m, IH), 1.65 (m, 6H). 0.95- 
0.87 (m, 12H). 
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Example 18 

Preparation Of r2SJVSV2-fbenzvloxvcarbonvl^inrwN. ri^f2-inen^ptft^^^ 
vn-3'.niethvlbiitv»>4-inethvlpentanamidft 

The compound of Example 1(a) (1.0 g. 2.2 mmol) and ammonium 
5 dithiocarbamate (0.2S g., 2.2 mmol) were dissolved in ethanol and heated to 55'C 
for 13 hours. The solvent was evaporated and die residue chiomatogi^hed (silica 
gel, 20% ethyl acetate/bexane) to give the title conqwund as a white solid (0.58 g). 
»H NMR (400 MHz, CDQa) 87.24 (m, 5H), 7.10 (s, IH). 6.33 (s. IH) , 6.00 (d, 
IH). 5.1 1 (q. 2H), 4.94 (m, IH). 4.05 (m, IH), 1.49 (m, 6H). 0.78 (m, 12H). 

10 

Example 19 

Preparation of f2S)-2-fbenzvloxvcaihonvnamino-N -f4-cafboethfticvthia2ol-2- 
vl)methvl-4-methvlpentanamide 

a) l-(te/t-butoxycarbonyl)amino- 1 -(4-carboethoxythiazoI-2-yl)methane 
15 Following the procedure of Example 8(a)-8(c). except substituting N-tert- 

butoxycaibonylglycine for N-rerr-butoxycaibonyl-(L)-leucine in step (a), the title 
conqjound was prepared (1.9g, 58% overaU). »H NMR (400 MHz, CDCI3) 5 8.1 1 
(s, IH), 5.31 (s, IH), 4.56 (d, 2H), 4.43 (q, 2H). 1.45 (s. 9H), 1.42 (t, 3H). 

20 b) (2S)-2-(benzyloxycaibonyl)amino-N-(4-caiboethoxythiazol-2-yl)methyl-4- 
metbylpentanamide 

Following the procedure of Exanq>le 13, except substituting l-(i»rt- 
butoxycarbonyl)amino-l-(4-caiboethoxythiazol-2-yl)methane for (lS)-l-(^m- 
butoxycarbonyl)amino-l•(4-ca^boethoxythiazol-2-yl)-3-methyIbutane, and N-Cbz- 

25 L-leucine for N-Cbz-L-leucinyl-L-leucine, the title compound was prepared 
(0.120g, 32%). MS (MH+): 434.2. 
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Example 20 

Prepaiarion of f2S.l'SV24ben2vloxveariionvnainino-N-f l'-f2- 
henyvloxvcaifaonvlthiazol-4-vlV3'-methvlbutvl1-4-methvliientanaim 

The compound of Example 2 (0. lOS g., 022 mmol) was dissolved in 
5 dicbloromethane and treated with l-(3-dimetI^laminopropyl)-3-ethylcaibodiimide 
roethiodide (0.062 g., 0.22 mmoi) and benzyl alcohol (0.03 mL, 0.22 mmol). The 
mixture was allowed to stir at room tonperature for 4 hours and the solvents were 
evi^Mirated and the residue obtamed was chennnatognq)hed ( silica gel. 30% ethyl 
acetate/ hexane) to give the title compound as a white solid (0.04 g). NMR (400 
10 MHz, CDCI3) 6 7.37 (s, IH), 7.26 (m, lOH), 6.50 (d. IH) , 5.33 (s, 2H), 5.1 1 (q, 
2H), 5.09 (m. IH). 4.99 (s. 2H). 4.04 (m. IH). 1.49 (m, 6H), 0.78 (m. 12H). 

Example 21 

Prepararion of f2S.l'SV2-flxaizvloxvcarfaonvnamino-4-medivl-N-f3'-methvl-l'-f2- 
15 phenoxycaibonvlthia2ol.4-vnbutvnpentanamide 

Following the procedure of Example 20. excq>t substimting phenol for 
benzyl alcohol, the title compound was prepared (0.075 g). ^H NMR (400 MHz, 
0X33) 57.41 (s, IH). 7.26 (m, lOH). 6.49 (d. IH) , 5.20 (m. IH), 5.04 (m, IH). 
5.00 (s. 2H). 4.08 (m. IH). 1.49 (m. 6H), 0.82 (m. 12H). 

20 

Example 22 

Pfcparation of (2S. 1 'SV2-flienzvloxvcarbonvnamino-4-methvl-N-r3'-methvl- 1 '-r2- 
f2-mrthvlpropvloxvcaihonvlWiiazol-4-vnbutvllDentanamide 

Following the procedure of Example 20, except substituting isobutyl alcohol 
25 for benzyl alcohol, the title compound was prepared (0.075 g). 'H NMR (400 MHz. 
CDCI3) 5 7.25 (m, 6H), 6.50 (d. IH) . 5.11 (q. 2H). 5.09 (m. IH), 4.99 (s, 2H), 4.1 1 
(d, 2H), 3.91 (m. 1H),2.02 (m, IH), 1.70- 1.39 (m. 6H), 0.82 (d. 6H). 0.78 (m. 
12H). 
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Example 2^ 

PirPPyatiQnQff2R.l\S)-2-n>en2vloxvcarfaQnvnflmin o.N41'-r4^artviet^^^ 
2-vnethvlM-inethvlpent«naniitff 

Following the piocedure of Example 19. except substituting N-tert- 
5 butoxycaibonyl-L-alanine for N-tprf-butoxycaibonylglycine in step (a), and N-Cbz- 
D-leucine fw N-Cbz-L-leucine in step (b), the title compound was prepared as white 
solid (0.135g, 36%). MS (MH+): 448.2. 

Example 24 

10 Preparation f2R.l'RV2-fben/vloXVCaibonvIYamino-N-ri •-r4. ^ arfaoethnxvthiaynl. 
2-vnedivn-4-methvlpMrtat».m^rf.. 

Following the procedure of Example 19, except substituting N-tert- 
butoxycaibonyl-D-alanine for N-tert-butoxycarbonylglycine in step (a), and N-Cbz- 
D-leucine for N-Cbz-L-leucine in step (b), the title compound was prepared as white 
15 soUd (0. 1 lOg, 29%). MS (MH+): 448.2. 

Preparation of f2S.l'S>-N-rr-f2-aminothiazol-4-vlV^-.m ethvlhufvll.2. 
rbenzvloxvcarfaonvnatiiinn^-try.Thvlpentanamidft 

20 To a stirring solution of the con^und of Example 1(a) (0.85 g, 1.87 mmol) 

in 4 mL of ethanol was added thiourea (0. 142 g, 1,87 mmol). Tlw solution was 
allowed to stir at room temperature for 90 min. The solution was concentrated, the 
residue was dissolved in ethyl acetate and washed with saturated aqeous NaHCOi 
and saturated brine, then dried (MgS04). filtered, and concentrated. The residue 

25 was purified by flash chromatography on 230-400 mesh silica gel, duting with 1 : 1 
ethyl acetate/hexanes, to give the tide compound as a white solid (0.64 g, 78%). >H 
NMR (400 MHz, CDCI3) 8 7.36 (m. 5H). 6.30 (m. 2H) . 5.12 (m. 3H), 4.95-4.91 
(m, 3H), 4.16 (m. IH). 1.63 (m. 4H). 1.49 (m, 2H), 0.93-0.89 (m. 12H). 
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Preparation of f lSVN 44-rf l-benzvloxvcaibonvlaininoV3-methvlbutvllthiaTO^ 
vlcarbonvn-N'-flSJ-beiizvlQxvcartxinvl-L-IeM 

a) N-benzyloxycarbonyl-L-leucinyl bromomethyl ketone 

5 1 -methyI-3-nitro- 1 -nitrosoguanidine (6.6S g, 45.2 mmol) in ether (225 mL) 

is cooled to O'^C. 40% sodium hydroxide is added slowly and the diazomethane is 
allowed to collect in the ether solution for 30 minutes at O'^C. The ether solution is 
then decanted and left at 0 

N-Cbz-L-leucinc (2.10 g, 7.6 mmol) was dissolved in THF (10 mL), cooled 

10 to -40 **C, and 4-methylmorpholine (0.77 g. 7.6 nmiol, 0.83 mL) was added, 

followed by dropwise addition of isobutyl chloroformate (1.04 g, 7.6 mmol, 0.98 
mL). After 15 min, the solution was filtered into the previously prepared 0 **C 
solution of ethereal diazomethane. The resulting solution was allowed to stand at 0 
X for 23 h. HBr (30% in acetic acid) (45.2 mmol, 9 mL) was added and the 

15 resulting solution was stirred at 0 ^^C for 5 min, then washed sequentially with 0. 1 N 
HQ, saturated aqueous NaHCOa and saturated brine» then dried (MgS04), filtered 
and concentrated to give the title compound as a colorless oil (2.43 g, 94%). 

b) ( 1 S)- 1 -benzy loxycaifoonylamino- 1 -(2-cai1)oethoxythiazol-4-yl)-3*methylbutane 
20 A solution of the compound of Example 26(a) ( 1 .57 g, 4.58 nunol) and ethyl 

thiooxamate (0.61 g, 4.58 mmol) in ethanol (10 mL) was heated at reflux for 4 h. 
The solution was then cooled . concentrated and the residue was purified by flash 
chromatography on 230-400 mesh silica gel, eluting with 1:4 ethyl acetate/hexanes, 
to give the title compound as a yellow oil (1.0 g, 58%). *H NMR (400 MHz, 
25 CDCI3) 57.41 (s, IH), 7.34-7.31 (m, 5H), 5.40 (d, IH), 5.10 (d, IH), 5.05 (d, IH), 
4.98 (q. IH), 4.48 (q, 2H), 1.80-1.76 (m, 2H), 1.57-1.53 (m, IH), 1.44 (t. 3H), 0.95 
(d,3H),0.93(d,3H). 
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c)(lS)-l-benzyloxyca2i)onylamino-l-(2-hydrazinocaito 
methylbutane 

A solution of the conqwund of Example 26(b) (0.30 g, 0.8 mmol) and 
hydrazine hydrate (0.40 g, 8.0 mmol, 0.39 mL) in ethanol (8 mL) was allowed to 
5 stir at room tenqxsiature for 2 b. The solution was then concentrated to yiel^ the 
tide compound as a white foam (0.28 g. 98%). *H NMR (400 MHz, CDCI3) 5 8.29 
(s. IH). 7.37.7.35 (m, 5H), 5.18 (d, IH), 5.09 (dd, 2H). 4.95 (q, IH), 4.07 (d. 2H). 
1.71 (t, 2H), 1.55 (m, IH), 0.96 (d, 3H), 0.94 (d. 3H). 

10 d) ( 1 S).N-(4-[( 1 -ben2yloxycarbonylamino)-3-methylbutyl]thiazol-2-ylcarbonyl]-N • 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

A solution of the compound of Example 26(c) (100 mg, 0.28 ramol), N-Cbz- 
L-lcucine (80.5 mg, 0.30 mmol), l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (58.2 mg, 0.30 mmol) and l-hydroxybenzotriazole (7.5 mg, 0.06 

15 mmol) in DMF (0.6 nmiol) was allowed to stir at room temperature for 18 h. The 
solution was diluted with ethyl acetate and washed successively with water, 0.1 N 
HCl, saturated aqueous NaHCOs and saturated brine, then dried (MgS04), filtered 
and concentrated. The residue was purified by flash chromatography on 230-400 
mesh silica gel, eluting with 1 : 1 ethyl acetate/hexanes, to provide the title compound 

20 as a white solid (11 1.4 mg, 66%). mp 110-112 

Example 27 

Preparation of N>bcnzvloxvcarfaonvl-L-leucinvUN^henzvlQxvcaTti onvl.L4g^^^ 
L-leucinvlhvdrazide 

25 a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester 

Following the procedure of Example 26(d). except L-leucine methyl ester 
hydrochloride for (lS)-l•benzyIoxycarbonylamino-l-(2-hydrazinocarbonyltfaiazo^ 
4-yl)-3-methylbutane, the tide compound was prepared as a white solid (1.28 g, 
66%). 'H NMR (400 MHz, CDCI3) 5 7.37-7.32 (m, 5H). 6.28 (d, IH), 5.28 (m, 

30 3H), 4.61-4.58 (m, IH), 4.20 (m, IH), 3.74 (s, 3H), 1.69-1.54 (m, 6H), 0.96-0.92 
(m. 12H). 
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b) N-benzyloxycartx>nyl-L-leucinyl-L-leucinylhydrazide 

Following the procedure of Example 26(c), except substituting N- 
benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester for (1S)-1- 
5 benzyloxycaibonylaniino- l-(2-carboethoxythiazo]-4-yl)-3-methylbutane, the title 
compound was prepared as a white solid (1.28 g, 100%). NMR (400 MHz, 
CDC13) 5 8.05 (br s, IH), 7.35-7.32 (m, 5H), 6.67 (d, IH), 5.50 (d, IH), 5.1 1 (s, 
2H), 4.46 (m. IH), 4.21 (m. IH), 3.88 (br s, 2H), 1.64-1.51 (m, 6H). 0.92^.88 (m, 
12H). 

10 

c) N-benzyloxycarbonyl-L-leucinyl-N'-benzyloxycarbonyl-L-leucinyl-L- 
leucinylhydrazide 

Following the procedure of Example 26(d), except substituting N- 
benzyloxycarbonyl-L*leucinyl-L-leucinylhydrazide for (IS)-l* 
1 5 benzyloxycarbonylanuno- l-(2-hydrazinocarbonylthiazol-4-yl)-3-methylbutane, the 
title compound was prepared as a white solid (0.059 g). MS (M-f Na"): 662. 1 

Example 28 

Preparation of f lSVN-r2-fn-ben2vloxvcarbonvlaminoV3>methvlbutvllthiazol-4- 
20 vlcarbonvll-N'-fN-benzvloxvcaifaonvl-L-leucinvnhvdrazide 

a) N-/e/t-butoxycarbonyl-(L)-leucinamide 

To a solution of N-tert-butoxycarbonyl-(L)-leucine (7.0g, 28. Inunol ) in dry 

THF (lOOmL) at -40X was added isobutylchloroformate (3.8g, 28.1nunol) and N- 

methylmorphiline (6.0, 59mmoI). After 15 minutes of stirring, ammonia was 
25 bubbled through the mixture for an additional 15 minutes, then warmed to room 

temperature and allowed to stir for 2 hours. Mixture filtered and filtrate 

concentrated in vacuo to yield title compound as a white solid (6.5, 28.0mmol). 

'HNMR (400MHz. CDCy 6 6.38 (br s, IH), 5.79 (br s, IH). 5.04 (br d, IH), 4.13 

(m, IH). 1.71-1.49 (m, 3H), 1.39 (s. 9H), 0.92 (dd, 6H). 

30 
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b) N-ren*butoxycarbonyI-<L)-leucinethioainide 

To a stilling solution of the compound of Example 26(a) (6.5, 28.0 mmol) in 
diy THF was added Lawesson's reagent (6.8g, 16.9 nunol) and the mixture was 
stirred at room temperature under argon overnight. The solvent was evaporated and 
5 the residue chromatographed (silica gel. 12% ethyl acetate/hexane) to give the title 
compound as a white solid (5.4g, 77%), 'HNMR (400MHz. CDCl,) 5 8.54 (br s, 
IH), 7.97 (br s, IH). 5.28 (br d, IH), 4.52 (m, IH), 1.72-1.58 (m, 3H), 1.40 (s, 9H), 
0.92 (m.6H). 



10 c) (lS)-l-(tert-butoxycarbonyl)amino-l-(4-carbocthoxythia2ol-2-yl)-3- 
methylbutane 

The compound of Example 26(b) (5.4g, 21.7 mmol) was stirred in dry 
acetone (lOOmL) under argon at -10**C. Ethylbromopyruvate (4.7g, 23.9mmol) 
was added and stirred for Ih at -10**C. The solution was poured into a well stirred 

15 mixture of chloroform and water and then into saturated sodium bicarbonate 
solution. The organic phase was separated and the aqueous layer extracted with 
chloroform. The combined organic extracts were dried over MgSO^, filtered and 
concentrated to an oil. The oily residue was treated with TFAA (S.Og, 23.9mmol) 
and pyridine (3.8g. 47.8mmol) in dichloromethane for Ih at -20''C. Excess solvent 

20 was removed in vacuo and the residue was dissolved in dichloromethane. The 
solution was washed with saturated aqueous sodium bicarbonate and I. ON KHSO^ 
until pH 7. The solution was dried over magnesium sulfate, filtered and 
concentrated to an oil which was chromatographed (silica gel. 7.5% ethyl 
acetate/hexane) to give the title compound as a tan solid (4.5g, 61 %). 'HNMR 

25 (400MH2. CDCl^blM (s. IH), 5.04 (br d. IH). 4.95 (m, IH), 4.31 (q. 2H). 1.88 
(m. IH), 1.63 (m. 2H). 1.40 (s, 9H).1.32 (t. 3H). 0.85 (dd. 6H). 

d) ( 1 S)- 1 -(Benzyloxycart)onyl)amino- 1 -(4-carboethoxythia2ol-2-yl)-3-methylbutane 
The compound of Example 26(c) (0.250g, 0.731 mmol) was dissolved in 
30 TFA (2niL) and stirred at room temperature for 15 minutes when diluted with 
methanol and concentrated in vacuo. The residue was dissolved in methylene 
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chloride and treated with triethylamine (0.739g, 7.31iiimol) followed by benzyl 
chlorofonnate (1.2g, 7.31nunol). The solution stined at room temperature for 2h 
when partition between ethyl acetateAvater. The organic layer was washed with 
brine, collected* dried (MgSO^) and concentrated to a residue that was 
S chromatographed (silica gel» 15% ethyl acetate/hexane) to give the title compound 
as an oil (0.198g. 72%). 'HNMR (400MH2, CDQ,) S 8.01 (s, IH), 7.32 (m, 5H), 
5.51 (br d, IH), 5.14 (m, IH), 5.10 (s, 2H), 4.37 (q. 2H), 1.93 (m, IH), L8M.67 
(m, 2H). 1.39 (t, 3H), 0.95 (m, 6H). 

10 e) ( lS)-N-[2-[( 1 -benzyloxycarbonylamino)-3-methylbutyllthiazol-4-ylcarbonyl]-N - 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

Following the procedure of Example 26(c)-l(d), except substituting (1S>1- 
(BenzyIoxycaibonyl)aniino-l-(4-carboethoxythiazoI-2-yl)-3-methylbutane for (IS)- 
l-benzyloxycaibonylanaino-H2'^arboethoxythiazol-4-yl)-3-niethylbutane in step 

15 (c), the title compound was prepared. MS (NOT): 610.0 

Preparation of 2.2^fN-N'-bis-benzvloxvcaifaonvl-L-leucinvltearfaohvdrazide 

To a stirring solution of N-Cbz-L-leucine (Chemical Dynamics Corp.) (2.94 

20 g, 1 1.1 nunol) in 22 mL of DMF was added carbohydrazide (0.5 g, 5.6 mmol), l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.13 g, 1 1.1 nunol) and 
I'hydroxybenzotriazole (0.3 g, 2.2 mmol). After stirring at room temperature for 
22 h, the solution was poured into 500 mL of water. The precipitate was collected 
by vacuum filtration and washed with water (4 X 150 mL) and dichloromethane (4 

25 X 150 mL), then dried under vacuum to provide the title compound as a white solid 
(1.49 g, 46%). MS(ES1): 607.1 (M+Na)\ 
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Exampla 

Pteoaiation of 2.2'.rN.N'.bis^vclnh«vlflcetvneariinhvd«.rirtii 

Following the procedure of Example 29. except substituting 
cyddiexylacetic acid for N-Cbz-L-leucine, the title ccmqxnmd was prepared (0.410 
5 g. 73%). MS(ESI): 339.3 (M+H)*. 

Example 31 

PfePaiatipn of 2.2'-fN.N'.bis-4-methvlnentaiiovltoiriiohvH«mH^ 

Following the procedure of Example 29. except substituting 4- 
10 methylpentanoic acid for N-Cbz-L-leucine, the title conq)ound was prepared as a 
white solid (0.212 g, 44%). MS(ESI): 287.3 (M+H)*. 

Example 32 

Preparation of 2.2'-nSl.N'-bis-2^vcln|ieiitvlacetvl^arhohvdra7irti. 
15 Following the procedure of Exanq>le 29, except substituting 

cyclopentylacetic acid for N-Cbz-L-leucine, the title compound was prqiaied as a 
white soUd (0.345 g, 67%). MS(ESI): 31 1.2 (M+H)*. 



Example 33 

20 Preparation of 2^'-(N.N'-bis-heiiCTloxvciirivMwlglvcinvncaibohydniriHi. 

Following Hbe procedure of Exaiiq)le 29, except substituting N-Cbz>Glycine 
for N-Cbz-L-leudne, the tide conqx>und was prepared as a white solid (0.7 19 g, 
91%). MS(ESI): 473.1 (M+H)*. 

25 Example 34 

Preparation of 2.2'-fN.N'-bis.acetvl-I.-l eueinvlV:arhnhvdniTiili» 

Following the procedure of Exanqile 29. except substituting N-acetyl-L- 
leucine for N-Cbz-L-leucine. the tide compound was prepared as a white solid 
(0.153 g, 23%). MS(ESI): 401.3 (M+H)*. 
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Preparation of 2,2'>fN,N'-bis> benzvloxvcarbonvl-L-alanvncaifcohydiazide 

Following the procedure of Example 29, except substituting N-Cbz-L- 
alanine for N-Cbz-L-leucine, the title conqx>und was prepared as a white solid 
5 (0.762 g, 91%). MS(ESI): 501.1 (M+H)*. 

Example 36 

PrepyatiQn of 2-(N-b^n2ylQ?^yg4rtonyll-L-llgtfgiinyl)-2'-rN '(4- ^ 

methvlpentanovmcarbohvdrazide 

10 a) N-benzyloxycarbonyl-L-leucine methyl ester 

To a solution of leucine methyl ester hydrochloride (S.O g, 27.5 mmol) in 
1,4-dioxane (50 mL) was added sodium carbonate (30.3 mL, 2M in water) followed 
by benzyl chloroformate (4.69 g, 27.5 mmol). The mixture stirred at room 
temperature for 24 hours when partitioned between ethyl acetate and water. The 

15 organic layer was collected, dried (MgSO^), filtered and concentrated to give the 
title compound as a colorless oil (7.67 g, 100%). 'HNMR (400MHz, CDCI3) 5 7.39 
(m. 5H), 5.38 (d, 2H), 5.12 (s, 2H). 4.42 (m. IH), 3.75 (s, 3H), 1.73 - 1.50 (m. 3H), 
0.94 (m.6H). 

20 b) N-benzyloxycarbonyl*L-leucinyl hydiazide 

To a solution of the compound of Exanq)le 36(a) (7.67 g, 27.5 mmol) in 
methanol (40 mL) was added hydrazine monohydrate (13.5 g, 270 mmol). The 
solution was stirred at room temperature for 24 hours when partitioned between 
water and ethyl acetate. The organic layer was collected, dried (MgSOJ, filtered 

25 and concentrated to give the title compound as an off-white solid (7.67 g, 100%). 
'HNMR (400MHz, CDCI3) 6 8.14 (s, IH), 7.38 (m, 5H), 5.64 (d, IH), 5.09 (dd, 
2H), 4.20 (m, IH), 3.81 (s br, 2H), 1,69 - 1.51 (m, 3H), 0.92 (dd, 6H). 

c) 1 -benzyloxycarbonylamino-3-methyl- 1 -( 1 ,3,4-oxadiazol-2-onyl)butane 
30 A solution of the compound of Example 36(b) ( 1 .0 g, 3.58 mmol) in 

methylene chloride (12mL) was added dropwise to a solution of 4- 
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nitrophenylchlorofonnate (0.361 g. 1.79 mmol) in methylene chloride (8 mL) at 
O^'C The solution warmed to room temperature and stined for one hour when 
partitioned between ethyl acetate and water. The organic layer was washed with 
aqueous NaHCO, then coUected, dried (MgSO,), filtered and concentrated to a 
5 residue which was chromatographed (20% ethyl acetate/hexane) to give the title 
compound as a pale yellow soUd (0.322 g, 59%). 'HNMR (400MHz, CDCI3) 5 9.18 
(s, IH), 7.38 (m, 5H), 5.13 (m. 3H). 4.79 (m, IH). 1.71 (m. 3H), 6.98 (dd, 6H). 

d) 4-niethylpentanoyl hydrazide 
10 Following the procedure of Example 36(b) except substimting ethyl 

isocaproate for benzyloxycarbonyl-L-leucinyl methyl ester, the title compound was 
prepared as a white solid (1.8 g, 100%). 'HNMR (400MHz, CDQ,) 6 7.48 (s br, 
IH). 3.62 (s br, 2H). 2,13 (t, 2H), 1.51 (m, 3H), 0.85 (d, 6H). 

15 e)2-(N-bcn2yloxycarbonyl-L-leucinyl)-2'-[N-(4-methylpentanoyl)]carbohydrazide 
The compounds of Example 36(c) (0.100 g. 0.325 mmol) and Example 36(d) 
(0.042 g, 0.325 mmol) were combined and dissolved in ethanol (1 mL). The 
solution was brought to reflux for 24 hours then concentrated to a solid yellow 
residue which was washed with cool methylene chloride to yield the title compound 

20 as a white soUd (0.053 g, 37%). MS (MIT): 436.2. 
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Preparation of bis-(Cbz>leucinvlVlJ-diainino-tiro 
Cbz-leucine (500 mg, 1.88 mmol), EDQ (558 mg, 1.88 mmol) was 
dissolved in DMF (4.0 ml) with l,3-diainino-propaii-2-oI (85 mg, 0.94 mmol) and 
5 Hunig*$ base (0.3 ml, 1.88 mmol) and was stirred at RT overnight. The reaction 
was diluted with EtOAc (20 ml) and was extracted with water (2 x 20 ml). The 
combined organics were dried with magnesium sulfate, filtered, concentrated in 
vacuo. The intermediate was then dissolved in acetone (4.0 ml) and Jones reagent 
(2.0 ml, 1.5 M) was added dropwise and the reaction was stirred at RT overnight. 
10 The excess Jones reagent was then quenched with isopropanol (1.0 ml), then the 

reaction was diluted with EtO Ac (20 ml) and was extracted with water (2x 20 ml) to 
remove the inorganic salts. The combined organics were dried with magnesium 
sulfate, filtered, concentrated, and chromatographed (silica gel, 2-5% MeOH/ 
methylene chloride) to give the title compound as a white solid (410 mg, 75%). 
15 MS(ES) M+H =583, M+Na"=605. 



B«ampte38 

Preparation of his-1 ■W4-phenoxv-benzovlVdiamino-^an-2-one 
Following the procedure of Example 37, except substituting "4-phenoxy 
20 benzoic acid** for "Cbz-leudne", the title compound was prepared: MS(ES) 
M+ir=481,M+Na=503. 



EMmpte 39 

Preparation of l-fCbz4eucinvlVamino-3>facetvHeucinvlVanMno-DroDan-2-one 
25 Following the procedure of Example 37, except substituting "a mixture of N- 

Ac-leucine and Cbz-leucine** for *'Cbz-leucine", the title compound was prepared: 
MS(ES) M+ir=491 , M+Na =5 13. 
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Example 40 
propan-2»one 

Following the procedure of Example 37» except substituting "a mixture of 
5 Cbz-glutamic acid gamma t-butyl ester and Cbz-leucine** for "Cbz-Ieucinc", the title 
conqwund was prepared: MS(ES) M+ir=655. 

P^PflfftiPn Qf l-fCbz-leucinvn-amino>3-fQ>7>glutamviWamin o ,propan^2^^^^ 
10 l-(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one 

(5 mg. 0.007mmol) was dissolved in a solution of trifiuoroacetic acid ( 0.5 ml) and 
methylene chloride (0,5 ml), then was stirred at RT for 2 h, the reaction was dilutied 
with toluene (10 nJ), then was concentrated in vacuo to provide the title compound: 
MS(ES)M+ir=599. 

15 

Example 4? 

Preparation of bis-l,3>fCbz«leucinvn>diamino-rSV butanQne-:^-ftne 
a) Cbz-Ieu-ala-bromo methyl ketone 

Isobutyl chloroformate (1 .46 ml, 1 1 .3 mmol) was added dropwise to a 
20 solution of Cbz-leu-ala-OH (4.0 g, 1 1.3 mmol) and N-methyl morpholine (1.24 ml, 
1 1 .3 nmiol) in THF (40 ml) at -40 degrees C. The reaction was stined 15 min, then 
was filtered, and was washed with ether. Diazometbane (40. 1 mmol from 5.9 g of 
l-methyl*3-nitro-nitroso-guanidine and 18 ml of 40% KOH in 150 ml of ether) m 
ether (200 ml) was added and the reaction was placed in a refrigerator overnight. 
25 30% HBr/ AcOH (7 ml) was added dropwise to the crude reaction mixture and was 
stirred 5 minutes. The solution was washed with aqueous citric acid (50 ml x 2), 
saturated aqueous sodium bicarbonate (3 x 150 ml), then brine (100 ml). The 
combined organics were dried with magnesium sulfate, filtered, and concentrated in 
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vacuo to give a solid which was used in the next step without purification, MS(ES) 
M+ir=413 and 415, M+Na*=435 and 437. 

b) Cbz-leu-leu-azido methyl ketone 

5 G>Z"leu-aIa-bromo methyl ketone (650 mg, 1.6 nrniol) was dissolved in 

DMF (7 ml), then sodium azide (122 mg, 1.9 mmol) and potassium fluoride (137 
mg, 2.36 mmol) was added and the reaction was stined overnight. The reaction was 
partitioned between EtOAc and water, then the combined organic extracts were 
dried with magnesium sulfate, filtered, concentrated in vacuo, then 
10 chonnatographed (2-5% MeOH, methylene chloride, silica gel) to provide the title 
compound as a white solid (330 mg, 53%), MS(ES) M+Na'=398. 

c) Cbz-leu-2-amino-4-azido-propan-3-ol 

Cbz-leu-leu-azido methyl ketone (330 mg, 0.9 mmol) was dissolved in EtOH 
15 (5 ml) and sodium borohydride (100 mg, 2.65 mmol) was added at RT and the 
reaction was stirred for 15 minutes. The reaction was quenched with water (10 ml) 
and was extracted with EtOAc (25 ml). The combined oi;ganic extracts were dried 
with magnesium sulfate, filtered, concentrated to give the title compound without 
further purification, MS(ES) M+lT^r 378, M+Na'»400. 

20 

d) Cbz-leu-2-amino-4-amino-propan-3-ol 
Cbz-leu-2-amino-4-azido-propan-3-ol (300 mg, 0.8 mmol)was dissolved in 

MeOH (4 ml) and triethyl amine (0.33 ml, 2.4 mmol), propan-l,3-dithiol (0.35 ml, 
3.82 mmol) was added and the reaction was stined overnight, concentrated in 
25 vacuo, then the white solid was washed with hexane providing the title compound 
which was used in the next reaction without further purification, MS(ES) 
M+ir=352. 

e) bis- 1 ,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-ol 

30 Cbz-leu-2-amino-4-amino-propan-3-ol (140 mg. 0.4 mmol) and Cbz-leucine 

(106 mg, 0.4 mmol) were dissolved in DMF (2 ml) and N-methyl morpholine (0.08 
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ml, 0.8 mmol) and HBTU (151 mg, 0.4 mmol) and was stirred overnight. The 
reaction was partitioned between EtOAc and water, the combined oiganics were 
dried with magnesium sulfate, fikered, concentrated to give the title compound, 
MS(ES) M+ir=599, M+Na+«621. 

5 

f) bis-l,3-(Cbz-leucinyl)-diamino-(S)-butanQne-2-one 

Bis-l,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-ol (240 mg, 0.4 mmol) was 
dissolved m acetone (2 ml). Jones reagent (0.5 ml, 1.5 M) was added dropwise and 
the reaction was stinred at RT overnight. The excess Jones reagent was then 
10 quniched with isopropanol (1.0 ml), dien die reaction was diluted with EtOAc (20 
ml) and was extracted with water (2x 20 ml) to remove the inorganic salts. The 
combined organics were dried with magnesium sulfate, filtered, concentrated, and 
chromatographed (silica gel, 2-5% MeOH/ methylene chloride) to give the title 
compound as a white soUd (80 mg, 33 %). MS(ES) M-ir=595. 

15 

Example 43 

Preparation of l-((l>z-leucinvlVanMno-3.rQ>7,- phenvlalanvlVamino.pmpaii-?.«wi«. 

Following the procedure of Example 37, except substituting "a mixture of 
Cbz-phenylalanine and Cbz-leucine" for "Cbz-leucine", the title conqxNind was 
20 prepared (70%): MS(ES) M+ir=617, M+Na*=639. 



Exwnpte 44 

PrgParatiQn of 1-fa>7-leucinvlVamino-3-fCbz-nnrieucinvlWiniiicw propan-2-onft 
Following the procedure of Example 37, except substituting " a mixture of 
25 Cbz-norleucine and Cbz-leucine" for "Cbz-leudne ", the title conqwund was 
prepared: MS(ES) M+ir=583, M+Na*=605. 
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Example 45 

Preparation of l-fCliz-leuciiivlWiniiio-3-fCh2-norvalinvlVa mino-propan-2-one 
Following the procedure of Example 37, except substituting "a mixture of 
Cbz-norvaline and Cbz-leucine" for "Cbz-leucine", die title conqwund was 
S prepared: MS(ES) M-fir=S69. M-t-Na*sS91. 

Preparation of bis-1.3-rCb2-leucinvlVdiamino-S.methvl-r SVhexan-2-one 
a) bis- 1 ,3-(Cbz-leuciny])-diamino-S-methyl-(S)-hexan-2-one 
10 Following the procedure of Example 42(a)-(f), except substituting "Cbz-leu- 

leu-OH" for "Cbz-ieu-ala-OH" the title compound was prepared: MS(ES) 
M+ira639. 



Exainpte47 

IS Preparation of l-facetvl-l«icinvn-amino-3-r4-phenoxv4ieny^vn.«niinn-piYijiiin-'?- 

one 

Following the procedure of Exanqile 37, except substituting "a mixture of N- 
Ac-leucine and 4-phenoxy-benzoic acid " for "a>z-leucine", the title conqwund was 
prepared: MS(ES) M+ir=440. 

20 

]&t;wnpte48 

Preparation of 1-f ai2-homo-leucinvlVamino-fCbz-leucinvlV3-amino-propan-2-one 
Following the procedure of Example 37, except substituting "a nuxture Cbz- 
homo-leucine and Cbz-leucine" for "Cbz-leucine", the titie compound was prepared: 
25 MS(ES) M+ir=597, M+Na*=619. 
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Examp le 49 

EtBPaiatiQn of bis>1.3-(4-f3>chloit)-2-cvano-DhenoxvVphenvl ^ul fo namido^propan. 
^ 2-one 

4-(3*Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride (1.3 g. 4 mmol, 
5 Maybridge) was added to a solution of l,3-diamiiio-propan-2*ol (0.18 g, 2 mmol) in 
DMF (10 ml)/ N-methyl morpholine (0.44 ml, 4 mmol) and was stined 3h at RT. 
The reaction was partitioned between water and EtO Ac and the combined organics 
were dried with magnesium sulfate, then concentrated in vacuo. The crude bis-13- 
(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)-propan-2-ol (0.28 g, 04 
10 mmol) was then dissolved in acetone ( 1 .0 ml) and Jones reagent (0.44 ml, 1 .5 M) 
was added dropwise, and the reaction was stirred overnight at RT. The excess Jones 
reagent was then quenched with isopropanol (1.0 ml), then the reaction was diluted 
with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 
inorganic salts. The combined organics were dried with magnesium sulfate, filtered, 
15 concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride) to 
give the title compound as a white solid (90 mg, 34%). MS(ES) M+ H*=671, 
M+Na'=693. 



Preparation of bis>l,3-f4-phenoxv-phenvl s ulfonamidoVprQpan-2-ong 
Following the procedure of Example 49, except substituting 4-phenoxy- 
phenyl sulfonyl chloride for 4-(3<3iloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride, the title compound was prepared: MS(ES) M-ir=551. 
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Pfeparation of l-fQ>z-leticinvn-ainino-3-f4-r3-chloro-2-cvano-phenoxvVph^ 

sulfonaimdoVpropan->2-one 
Cbz-leucine (660 mg, 2.S mmol), EDQ (480 mg, 2.5 mmol), HOBT (340 
S mg, 2.5 mmol) was dissolved in DMF ( 10 ml) with 1 3*dtamino-propan-2-ol (225 
mg, 2.5 mmol) and was stined at RT ovemight N*methyl moipholine (0.41 ml, 
3.75 mmol) was added followed by 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride (820 mg, 2.5 mmol, Maybridge) was added and the reaction was stirred 3h 
at RT. The reaction was partitioned between water and EtOAc and the combined 
10 organics were dried with magnesium sulfate, then concentrated in vacuo. The crude 
1 -(Cb2-leucinyl)-amino-3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonamido)- 
propan'-2-ol was then dissolved in acetone (5.0 ml) and Jones reagent (3.0 ml, 1.5 
M) was added dropwise, and the reaction was stirred ovemight at RT. The excess 
Jones reagent was then quenched with isopropanol (1.0 ml), then the reaction was 
15 diluted with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 
inorganic salts. The combined organics were dried with magnesium sulfate, filtered, 
concentrated, and chromatogrq)hed (silica gel, 2-5% MeOH/ methylene chloride), 
then the product was triturated from methylene chloride to give the tide conq}ound 
as a white solid (26 n^, 2%). MS(ES) M+ ir=627. 

20 

Preparation of l-fCbz-leucinvlV amino-3-ftosvl>aminoVpropan-2>Qne 
Following the procedure of Example 51, except substituting tosyl chloride 
for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the title compound was 
25 prepared: MS(ES) M-ir=488. 
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Pteparation of l-fCb2-leucinvlVainino>3>(f4^phenMv> phenvlW^^ 

prepm-2-ong 

Following the procedure of Example 51, except substituting 4-phenoxy- 
phenyl-sulfony] chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride, the title compound was prepared: MS(ES) M +irsS68, M+Na^=S90. 

Exan^ple 54 

one 

Following the procedure of Example 51, except 2-dibenzofuransulfonyl 
chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the title 
compound was prepared: MS(ES) M+ir=566, M+Na^=588 

Example 55 

Preparation of HCbz-homo-leucinvlVamino-3-f2>dibenzofiiransulfQnamidoV 

propan-2>one 

Following the procedure of Exan^)le 51, except 2-dibenzofuransulfonyl 
chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride and Cbz- 
homo-leucine for Cbz-leucine, the title compound was prepared: MS(ES) 
M+Na*=602. 
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Preparation of l-fCbz4eucinvlVainino-3-f2-diben2ofiiransulfonam 

a) HCbz-leucinyl)-aminoO-(2-dibeiizofurBmiilfonaimd^^^ 
S Cbz-leu-2-amino-4-anuno-propan-3-ol (ISO mg, 0.42 mmol, as described in 

Example S6(a)-(d)) and 2-dibenzofuransulfonyi chloride were dissolved in DMF (2 
ml) and N-methyl morphonline (0.09 ml» 0.S4 nmiol) and were stirred overnight. 
The reaction was partitioned between EtOAc and water, the combined organics were 
dried with magnesium sulfate* filtered, concentrated to give the tide compound, 
10 MS(ES) M+ir=582, M+Na'=604. 



b) l*(Q)z-leucinyl)-aniino-3-(2-dibenzofiU'ansulfonaniido)-(S)-butan-2-one 

1 -(Cbz-leucinyl)-anuno-3-(2-dibenzofuansulfonamido)-(S)-butan-2-ol (240 
mg, 0.4 mmol) was dissolved in acetone (2 ml). Jones reagent (0.S ml, l.S M) was 

1 5 added dropwise and the reaction was stirred at RT overnight. The excess Jones 
reagent was then quenched with isopropanol (1.0 ml), then the reaction was diluted 
with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 
inorganic salts. The combined oiganics were dried with magnesium sulfate, filtered, 
concentrated, and chromatognq)hed (silica gel, 2-S% MeOH/ methylene chloride) to 

20 give the title compound as a white solid (70 mg, 29%). M S(ES) M-ir=sS78. 
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Example 57 

f 

PreParatipn of fS)-PhcnvlmCthvl ri-rrr3>meil2vloxvcarbonvl-leucinyVaminn],% 
OXQOroPVlVl-flienzvnaminolcartiQnvinS-methvlbutv llc^ 

a) 2-hydioxy-3*azido-propanol 

5 Sodium azide (1 .7 g» 26 minol) was added to a solution of glycidol (Aldrich, 

1.3 g, 17.S mmol) in MeOH (45 ml) and water (5 ml) and was heated to 65 degrees 
C for 4 h. The reaction was diluted with water (25 ml), extracted with EtOAc (2 x 
50 ml); the combined organic layers were extracted with water (2 x 50 ml), then 
brine (50 ml), then were dried with magnesium sulfate, filtered, concentrated in 
10 vacuo, and chromatographed (silica gel, 30 % EtOAc/ hexanes) to produce a while 
solid (1.37 g. 67%); MS(ES) M+H+=l 18.4. 

b) 2-hydroxy-3-azido-propan-tosylate 

Tosyl chloride (2.3 g, 12 nwnol) was added to a solution of 2-hydroxy-3- 
15 azido-propanol (1. 17 g, 10 mmol) and triethyi amine (3.6 g, 36 mmol) in methylene 
chloride (50 ml) and was stirred at RT for 4h. The reaction was diluted with water 
(20 ml), extracted with EtOAc (2 x 50 ml); the combmed organic layers were 
extracted with pH 7 buffer (2 x 50 ml), then were dried with magnesium sulfate, 
filtered, concentrated in vacuo, and chromatogrs^hed (silica gel, 30 % EtOAc/ 
20 hexanes) to produce a white solid (1.2 g, 44%); MS(ES) M+H+=272.2. 

c) 2-(Menifield polynier-6-(oxymethylene-tetrahydropyran-acetal)-3*azido-propan* 
tosylate 

c) 2*Hydroxy*3-azido-propan-tosylate (1 .2 g, 4.4 nunol) was added to a slurry 
25 of EUman dihydropyran polymer (cf. (3), Scheme 1) (150 mg. 0.3 mmol) in 

aCH2CH2Cl (25 ml), then pyridinium p-toluenesulfonate (0.84 g, 4.4 mmol) and 
was agitated at 80 degrees C by gentle bubbling with argon. The polymer was 
filtered, washed with DMF (2 x 10 ml), then MeOH (20 ml), then methylene 
chloride (4 x 20 ml); IR 2105 cm-1;. Magic Angle Spinning IH NMR: d 8.0. 7.4, 
30 5,0, 3.4. 



106 



wo 97/16433 



PCTAJS96/18000 



d) 2-(Merrifield polymer-6-(oxyiiiethylene*tetrahydropy]:BD*acet^ 
propan-N-benzyl-amine 

Benzyl amine (0.32 g, 3 mmol) was added to a sluny of 2-(Menifield 
polymer-6-(oxyniethylene-tetrahydropyran*acetal)-3-azido-propa^^^ (500 
5 mg, 1 mmol) in N-methyl pyrolidinone (25 ml) and was and was agitated at 80 
degrees C by gentle bubbling with argon. The polymer was filtered, washed with 
DMF (2 X 10 ml), then MeOH (20 ml), then methylene chloride (4 x 20 ml); IR 
2105cm-l; Magic Angle Spinning IH NMR: d 7.1, 4.7, 4.0. 3.8. 

10 e) 2-(Merrifield polymer-6-(oxymethylene-tetrahydropyran-acctal)-3-azido- 
propan-N-benzyl-(Cbz-leucinyl)-amine 

Cbz-leucine (0.82 g, 3.0 mmol) was added to a slurry of 2-(Merrifield 
polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-azido-propan'N-benzyl-aniine 
(120 mg, 0.22 mmol) in DMF (10 ml), diisopropyl ethyl amine (1.2 ml, 6 nomol) 

15 and HATU (Perseptive Biosystems, 2.2 g, 6 nunol) and was shaken at room 

temperature overnight. The resin was filtered, washed with DMF (3 x 10 ml). The 
above procedure was repeated, and the final resin washed with MeOH (2 x 20 ml), 
then mediylene chloride (5 x 20 ml); IR 2105,1735, 1630 cm-1;. Magic Angle 
Spinning IH NMR: d 7.2. 4.7, 4.1. 

20 

f) 2-(Merrifield polymer*6-(oxymethylene-tetrahydropyran*acetal)-3-amino- 
propan-N-ben^l-(Cbz-leucinyl)*amine 

Propanedithiol (0.5 ml, xx mmol) was added to a slurry of 2-(Menifield 
polymer-6-(oxymethylene*tetrahydropyran-acetal)-3-azido-pFopan-N-benzyl*(Cbz- 
25 leucinyO-amine (150 mg, 0.27 nmiol) in MeOH (5 ml) and triethylamine (0.5 ml) 
and was gendy rocked overnight. The resin was filtered, washed with MeOH (2 x 
20 ml), then with DMF (1 x 10 ml), then with methylene chloride (5 x 20 ml), and 
was dried in a vacuum oven overnight; IR 1735, 1640, cm'^. 
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g) 2-(Menifield polyiner-6-(oxyii]ethylene-tetrahydioi^raii-acetaI)-3-(Cbz- 
leucinyl)-ainiiu>-propan-N-beiizyl-(a)z-leucinyl)-aiiiine 

Cte-lcucine (0.82 g, S.Onimol) was added to a sluny 2-(Memfield polymer- 
6-(oxyinethyIene-«trahydroi^ran-acetaI^3-ainmo-propa^^ 
5 amine (150 mg, 0.27 mmol) in N-methyl pyiollidinone (10 ml), diisopropyl ethyl 
amine (1.2 ml. 6 mmol) and HBTU (2.2 g, 6 mmol) and was shaken at room 
temperature overnight. The resin was filtered, washed with DMF"(3 x 10 ml). The 
above piocedure was repeated, and the final resm washed with MeOH (2 x 10 ml), 
then mediylene chloride (5 x 20 ml); Magic Angle Spinning IH NMR: d 7.6, 7.4, 
10 5.1.5.0,3.4,0.8. 

h) 1 -N-bem^l- 1 -Cbz-leucinyl-amino-3-Cbz-leucinyl-amino-propan-2-ol 

2-(Memfieldpolymer-6-(oxymethylene-tetrahydropyran-acetal)-3-(Cbz- 
leucinyl)-amino-propan-N-benzyl-(Cbz-leucinyl)-amine (150 mg, 0.27 mmol) was 
15 shaken as a sluny with 85:5: 10 TFA/ water/ methylene chloride (5 ml) for 4h at RT. 
The solution was filtereed and the filtrate was concentrated in vacuo, then 
chromatographed (silica gel, 5% MeOH/ methlene chloride) to produce a yellow 
soUd (65 mg, 35%); MS(ES) M+H+=675.1. 

20 i) l-N-benzyl-l-Cbz-Ieucinyl-amino-3-Cbz-leucinyl-amino-propan-2-one 
l-N-benzyl-l-Cbz-leucinyl-amino-3-Cbz-leucinyl-amino-piopan-2-ol(65 
mg, 0.96 mmol) was dissolved in acetone (5 ml) and Jones reagent (2 ml,excess) 
was added dropwise at room temperature and the reaction was stined overnight. The 
excess Jones reagent was then quenched with isopropanol (5 ml) and the reaction 

25 was diluted with water (5 ml) and was extracted with EtOAc (2 x 20 ml). The 

combined organic layers were extracted widi water (2 x 15 ml), then brine (10 ml), 
then were dried with imignesium sulfate, filtered, concentrated in vacuo to produce a 
yellow soUd, which was chromatographed (silica gel, 50%EtOAc/Hexanes ) to 
produce a white solid (16.8mg, 29%); MS(ES) M+H+= 673.1 
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Preparation of fSVPhenvlmethvl ri4rr34f2-dibeii2ofliranvlsulfonvnaimno1-2- 
oxopropvl%3-rbeii2vnainino1cari)onvlV3>methvlbutvncarfa^ 

a) N-(2-hydroxyO-N-beiizylainino-propyl)phthaliinide 

S N-(2,3-Epoxypropyl)phthalimide (Aldrich, 2.03 g, 10 mmol) was reluxed 

with benzyl amine (1.07 g, 10 mmol) in isopropanol (IS ml) for 3h. The reaction 
was cooled to RT, then concentrated in vacuo producing a white gum, which was 
triturated with MeOH, then filtered producing a white solid (0.48 g, 15%); MS(ES) 
M+tr=311. 

10 

b) N-(2-hydroxy-3-(N-benzyI-2-dibenzofuransulfonamide)-propyl)phthalimide 
N-(2-hydroxy-3-N-benzylamino-propyl)phthalimide (0.31 g, 1 mmol) was 

stirred with 2-dibenzofuransulfonyl chloride (0.27 g, 1 mmol) in N-methyl 
morpholine (0.8 ml) and DMF (S ml) overnight. The reaction was diluted with 

IS water (10 ml), extracted with EtOAc (2x20 ml), the combined organic layers were 
extracted with water (3 x 20 ml), then brine (20 ml), then were dried with 
magnesium sulfate, filtered, concentrated in vacuo to produce an oil, which was 
chromatographed (silica gel, 30% EtOAc/ hexanes) to produce a white foam (0.37 
g, 69%); MS(ES) M+ir=S41, MS(ES) M+Na =S63, MS(ES- negative) M+HC02-= 

20 S8S 

c) 2-bydroxy-(N-benzyl-2Kiibenzofuransulfonaniide)-pn>pyl-3-amine 
N-(2-hydn>xy-3*(N-benzyl-2-^benzofuransulfonamide)-propyl)phth^ 

(0.37 g, 0.69 nmiol) was refluxed with hydrazine hydrate (0.34 g, 6.8S nunol) in 
25 MeOH (7 ml) for 1.5 h. The reaction was cooled to RT, then was concentrated in 
vacuo. The resulting white solid was triturated with MeOH, then filtered to produce 
the desired product as a white solid (0.27 g, 96%); MS(ES) M+ir=41 1. 

d) Cbz-leucinyl-(2-hydroxy-(N-ben2yl-2-dibenzofuransulfonaniide))-propyl-3- 
amine 

30 2-hydroxy-(N-benzyl-2-dibenzofuransulfonamide)-propyl-3-amine (0.2 g, 

0.5 nmiol) was stirred with Cbz-leucine (0.13 g, 0.5 mmol) in N-methyl morpholine 
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(0.6 ml) and DMF (2 ml), then HBTU (0. 19 g. 0.5 mmol) was added and the 
reaction was stiired overnight at RT. The reaction was diluted with water (10 mi), 
extracted with EtOAc (2x20 mi). A soUd that was insoluble in both layers was 
filtered off. The combined organic layers were extracted with water (2 x 20 ml), 
5 then brine (20 ml), then were dried with magnesium sulfate, filtered, concentrated in 
vacuo to produce a white solid, which was used in the next reaction without further 
purification; MS(ES) M+IT- 658. MS(ES) M+Na » 680. 
e) (S)-Phenyhnethyl (l-[[I3-[(2-dibenzofiiranylsulfonyl)amino)-2-oxopropyl]-3- 
(ben^l)anuno]carbonyl]-3-methylbutyl]carbaznate 

10 Cbz-leucinyl-(2-hydroxy-(N-benzyl-2-dibenzofiiransulfonanude))-propyl-3- 
amine (0.16 g, 0.244 mmol) was dissolved in acetone (2 ml). Jones reagent (0.5 ml. 
1.5 M) was added added and the reaction was stirred overnight. The excess Jones 
reagent was then quenched with isopropanol (1 ml) and the reaction was diluted 
with water (10 ml) and was extracted with EtOAc (2 x 20 ml). The combined 

15 organic layers were extracted with water (2 x 20 ml), then brine (20 ml), then were 
dried with magnesium sulfate, filtered, concentrated in vacuo to produce a white 
solid, which was chromatographed (silica gel. 1 : 1 EtOAc/ hexanes) to produce a 
white solid (0. 14 g, 88%); MS(ES) M-ir=654, MS(ES) M+Cr=690, MS(ES) 
M+HCO2'=700. 

20 

faimiplg 59 

PrpParation of fSVPhenvhnethvl ri-rrr3-ff2.dibenzo fuianvlsulfnfivn».min^] -7- 
OXQimrovn-3-f4-nvridinvlmethvnamiiinlcariw>nvll.3.methvlhii M1caite 
Following the procedure of Example S8(a)-(e), except substituting "4- 
25 pyridyl mediyl amine" for " benzylamine" and. the title con^ioand was prepared; 
MS(ES)M+ir=657. 
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Prepgratipn of l-rrf3-rf2-dibcDzofHrMylsylfonyl)MMnol-2^^^ 

pvridinvlmethyn benzamide 
Following the procedure of Example 58(a)-(eX except substituting "benzoic 
5 acid" for **Cbz-leucine", the tide compound was prepared; MS(ES) M-ir=Sl 1, 
MS(ES)M4Cr=547. 

Preparation of fSVPhenvlmethvl fl-frr3-f(2-dibenzofuranvlsulfonvnamino1-2- 
10 oxopropvll- 1 4>pvridinvlmethvnaminolcaibonvl VS-methvlbutvllcarfaamate 

Following the procedure of Example 58(aHe), except substituting *'4- 
pyridyl methyl amine" for " benzylamine" and "Cbz-leucine and HBTU" for "2- 
dibenzofuransulfonyl chloride " and *'2-dibenzofuransulfonyl chloride " for "Cbz- 
leucine and HBTU", the title conqxiund was prepared; MS(ES) M+ir=6S7. 

15 

Ex8mpte62 

Prepaiation of 2-fN-fN-benzvlQxvcarbonvl>L-leucinvm-2'-rN'-f4- 
phenQXvphenvlsulfonvnicarbohvdrazide 
a) N-benzyloxycarbonyl-L-leucine methyl ester 

20 To a stirring solution of L-leucine methyl ester hydrochloride (2.0 g, 

1 l.OmmoI) in 1,4-dioxane (20 mL) was added Na2C03 (12. 1 ml, 2M in water) 
followed by benzylchloroformate (1.96 g, 1 1.5 mmol). The mixture was stirred at 
room temperature for 4h then partitioned between ethyl acetate and water. The 
organic layer was washed with brine, dried (MgS04), filtered and concentrated to 

25 yield the title compound as a coloriess oil (3. 1 g, 100%). NMR (400 MHz, 
CDCI3) 5 7.34 (m, 5H), 5.27 (d, IH), 5.12 (s, 2H), 4.41 (s, 2H), 3.75 (s, 3H), 1.65 
(m,3H),0.96(m, 6H). 
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b) N-benzyloxycarbonyl-L-leucinylhydrazide 

To a stiiring solution of the compound of Example 62(a) (3. 1 g, 1 1 .0 mmol) 
in 15 mL of methanol was added hydrazide hydrate (5.9 g, 1 18 mmol). The 
solution was stined at room temperature for 16h then concentrated to yield tiie titie 
5 compound as an off-white solid (3. 1 g. 100%). MS(ESI): 280.2 (M-hH)+ 

c) ( IS)- l-benzyloxycaibonylamino-3-methyH-( 1 .3,4-oxadiazol-2-on-5- 
yl)butane 

To a stilling solution of the compound of Example 62(b) (3.0 g, 10.8 mmol) 
10 in toluene (50 mL) was added phosgene (56 mL, 1 .93M in toluene). The solution 
was heated at reflux for 4h then concentrated to yield the titie compound as a pale 
yellow foam (3.15 g, 96%). MS(ESI): 306.1 (M+H)+. 

d) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]carbohydra2ide 

15 To a stirring solution of tiie compound of Example 62(c) (0. 147 g, 0.482 

nmiol) in 2 mL of methanol was added hydrazine hydrate (0.241 g. 4.82 nmiol). 
The solution was stirred at room temperature for 24h then concentrated and purified 
by colunm chromatography (silica gel, methanol/dichloromethane) to yield the tide 
compound as a white foam (0.097 g. 60%). MS(ESD: 338.2 (M+H)+ 

20 

e) 2-(N.(N.ben2yloxycarbonyl-L-leucinyl)]-2'-[N'-(4- 
phenoxyphenylsuIfonyl)]caibohydrazide 

To a stirring solution of die compound of Example 62(d) (0.097 0.288 
mmol) in 2 mL of DMF was added pyridine (0.046 g, 0.576 mmol) followed by 4- 

25 phenoxyphenylsulfonylchloride (0.155 g. 0.576 nmiol). The solution was stined at 
room temperature for 16h dien partitioned between ethyl acetate and water. The 
organic layer was washed widi brine, dried (MgS04), filtered and concentrated. 
The residue was purified by colunm chromatography (silica gel, ethyl 
acetate/hexane) to yield die titie compound as a while solid (0.052 g, 32%). 

30 MS(ESI): 570.1 (M+H)+ 
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Preparation of 2-rN-f N-benzvloxvcarbonvl-L-alanvni-2'-fN-fN-benzvloxvcarbonvl- 

L-leucinvnicaifaohydrazide 
To a sdning solution of the compound of Exaiiq>le 62(d) (0.100 g, 0.297 
5 mmol) in 2 mL of DMF was added N-benzyloxycaibonyl-I^alanine (0.070 g, 0.3 12 
mmol). l-hydroxybenzotriazole (0.008 g, 0.059 mmol), and l-(3- 
dimethylaminopropyl)-3-ethylcaibodiimide hydrochloride (0.060 g, 0.312 mmol). 
After stirring at room temperature for 16 h, the solution was poured into 150 mL of 
water. The precipitate was filtered and washed with water (150 mL) and dried 
10 under high vacuum to yield the title compound as a white solid (0.062 g, 39%). 
MS(ESI): 543.1 (M+H)+. 

Example 64 

Preparation of 2-fN-n^-ben2vloxvcafbonvl-L-leucinvni-2'-fN'-r4- 
15 phenvlbenzovmcatfaohvdrazide 

Following the procedure of Exaiiq>le 63, except substituting 4-plienylbenzoic 
acid for N-benzyloxycatbonyl-L-alanine. the title compound was prepared as a 
white solid (0.121 g, 53%). MS(ESI): 518.1 (M+H)**-. 

20 Baimpteeg 

Preparation of 2-rN-fN-benzvloxvcaifaonvl-L-leucinvl>l-2'-rN'-f4- 
methoxvbenzovnicaifaohvdrazide 
Following the procedure of Example 63, except substituting 4- 
methoxybenzoic acid for N-benzyloxycaibonyl-L-alanine the title con^KJund was 
25 prepared as a white soUd (0.057 g. 27%). MS(ESI): 472. 1 (M+H)+ 
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Example 66 

Prenaration of 2-rN-fN-beiizvloxvcari»nvl-L-leMcinvm.r.fNUiU 
phenoxvbenzovmcariKihvdraTirift 
Following the procedure of Exaiiq)le 63, except substituting 4- 
5 plienoxybenzoic acid for N-benzyloxycaibonyl-L-alanine the title compound was 
prepared as a white solid (0.102 g. 43%). MS(ESI): 534.1 (M+H)'''. 

Example 67 

Preparation of 2-(N-acetvn-2'-rN -rN-benzvloxvcarhonyl.^,- 
leucinvmcarfaohvdrazide 
To the compound of Example 62(d) (0. 100 g, 0.297 nmiol) was added acedc 
anhydride (0.303 g, 2.97 mmol). The solution was stirred at room temperature for 
16h then concentrated to an off-white solid which was washed with 
dichloromethane to yield the title conqwund as a white solid (0.086 g, 76%). 
MS(ESI): 380.1 (M+H)+ 

Example 68 

Piretwration of 2-fN-fN-acetvl-L-leucinvm-2'.fN'.(N-benzvloxvcafhnnv1-I^ 

alany])lcarbQhydrazidt 
20 a) 2-[N-(N-benzyloxycatbonyl-L-alanyl)]carbohydrazide 

Following the procedure of Exanq>le 62(a)-62(d). except substituting L- 
alanine ediyl ester hydrochloride for L-leucine methyl ester hydrochloride in step 
(a), the title ccHnpound was prepared as a pale yellow foam (1.1 g, 3.8 mmol). 
MS(ESD: 296.2 (M+H)+ 

25 

b) 2-[N-(N-acetyl-L-leucinyl)]-2'-(N'-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide 

To a stirring solution of the compound of Example 63(d) (0. 1 50g, 
O.S08mmol) in DMF (2mL) was added N-acetyl-L-leucine (0.092g, 0.534mmoi), 1- 
30 hydroxybenzotriazole (0.0 14g, 0. 1 02mmol), and l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (0. 102g, 0.534mmol). After stirring at room 
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ten^iature for 16h, the solution was diluted with ethyl acetate* washed 
successively with water* saturated aqueous sodium bicaifaonate, and brine. The 
organic layer was dried (MgS04), filtered and concentrated. The residue was 
purified by column chromatography (silica gel, methanol/dichloromethane) to yield 
5 the tide compound as a white soUd (O.Q28 g, 12%). MS(ESI): 451.1 (M4-H)+. 



Preparation of 2«rN>(N>acetvl-L-alanvm-2^-rN'-rN-benzvloxvcarbonvl-L> 

|gMPiinyll)lc^hy<fr^fe 
10 Following the procedure of Example 68(b), except substituting N-acetyl-L- 

alaninc for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide for 2-[N-(N~bcnzyloxycarbonyl-L-alanyl)lcarbohydrazide, 
the title compound was prepared as a white solid (O.OSO g, 25%). MS(ESI): 473. 1 
(M+Na)-^. 

15 

ExampteTQ 

Preparation of 2>rN-fN-benzvloxvcarbonvl-L-leucinvni-2'-rN'-r4-fN.N- 
dimethvlaminomethvnbenzovnncaibohvdrazide 
a) methyl 4-(NJM-dimethylaminomethyl)benzoate 

20 Methyl 4-(bromomethyl)benzoate (2.0 g, 8.73 mmol) was added to a 

saturated solution of dimethylamine in methanol. After stirring for 25 min, the 
solution was concentrated and the residue was partitioned between IN NaOH and 
ethyl acetate. The organic layer was washed with saturated brine, dired (MgS04), 
filtered, and concentrated to provide the title compound as a colorless liquid (1.67 g, 

25 99%). iH NMR (250 MHz, CDCI3) 6 8.00 (d, 2H), 7.39 (d, 2H), 3.91 (s, 3H), 3.47 
(d, 2H), 2.25 (s, 6H). 



b) 4-(N,N'dimethylaminomethyl)benzoic acid lithium salt 

The compound of Example 70(a) (1.67 g, 8.6 mmol) was dissolved in 
30 THF/H2O (1:1) and LiOH*H20 (0.39 g, 9.3 mmol) was added. The mixture was 
stirred at room temperature for 0.5h, then taken to reflux for 1.5h. The mixture was 
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concenirated, redissolved in 25inL of water and reconcentrated to yield a white solid 
(1.6 g, 100%). 1h NMR (400 MHz. CD3OD) 5 7.94 (d, 2H), 7.36 (d, 2H). 3.64(s, 
2H),2.35(s,6H). 

c) 2-[N-(N-benzyloxycarbonyl-L-leiicinyl)]-2'-[N'-[4-(N.N- 
diiiiethylan]inoniethyl)benzoyI)]]caibohydrazide 

Following die inocedure of Ewmple 68(b), except substituting 4-(N,N- 
diinelliylaminomethyl)benzoic acid lithium salt for N-acetyl-L-leucine and 2-[N-(N- 
ben^loxycarbonyl-L-leucinyl)]caibohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]caibohydrazide, the title compound was prepared as a pale yellow solid 
(0.050 g. 17%). MS(ESI): 499.1 (M+H)+ 

Example 71 

Preparation of 2-fN-fN-benzvloxvcarbonvl-L-leucinvm-2' -rN'-f4.hvdmTv.r^-r4- 

moroholinomethvl^llhenzovnr^ tffaohvdrazide 
Following the procedure of Example 68(b), except substituting 4-hydroxy-3- 
(4-morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-(N-(N- 
benzyloxycarbonyl-L-leucinyl)]caibohydrazi(te for 2-[N-(N-benzyloxycaibonyl-L- 
alanyl)]caibohydrazide, the title compound was prepared as a white solid (0.063 g, 
26%). MSOESI): 557.0 (M+H)+ 
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Example 72 

Preparation of 2-r N-fN-beiizvloxvcari)onvl-L-leucinYnV2'-rN^r4-ffl 
dimethvlamin Qmethvl^benzvloxvlcarfaonvl-I^leucinvllc^ 

a) a-isocyanato-L-leucine methyl ester 

S L-leucine methyl ester hydrochloride (2S g, 0. 14 mol) was dissolved in 

methylene chloride (450 mL), cooled to 0 °C, and pyridine (43.5 g, 0.55 mol, 44.5 
mL) was added, then a 1.93 M solution of phosgene in toluene (0.18 mol, 92.7 mL) 
was added slowly. After stirring at 0 for 2 h, the mixture was poured into 1400 
mL of 0.5 N Hcl and 900 mL of ice. The organic layer was washed with 1400 mL 

10 of 0.5 N Hcl and 900 mL of ice. The aqueous layers were extracted with methylene 
chloride (450 mL) and the combined organic layers were washed with 1400 mL of 
saturated brine and 900 mL of ice» then dried (MgS04), filtered and concentrated. 
The residue was distilled (56-58 X; 0.78 mmHg) to provide the title compound as a 
colorless liquid (20.4 g. 86%). NMR (250 MHz, CDCI3) 5 4.04 (dd. IH), 3.82 

15 (s. 3H), 1.92-1.72 (m, IH), 1.69-1.62 (m. 2H), 0.96 (d. 3H), 0.94 (d, 3H). 

b) 4-(NJf-dimethylamino)benzyl alcohol 

To a stining solution of the compound of Example 70(a) (1.63 g, 8.4 mmol) 
in 25 mL of ether, cooled to 0 ^'C, was added dropwise a 1 M solution of lithium 

20 aluminum hydride (8.4 mmol, 8.4 mL). After 5 min, the reaction was quenched by 
the addition of water (0.33 mL), 15% aqueous NaOH (0.33 mL) and water (1.0 
mL). The precipitate was removed by filtration, washed with ether 2 times and the 
filtrate was concentrated to provide the title compound as a colorless oil (1.36 g, 
98%). 1h NMR (250 MHz, CDCI3) 5 7.32 (d. 2H). 7.28 (d, 2H). 4.68 (s, 2H), 3.41 

25 (s,2H),2.22(s,6H). 

c) N*[4-(NJ4-dimethylaminomethyl)benzyloxycarbonyl]-L-leucine methyl 
ester 

A solution of the compound of Example 72(a) (1.0 g, 5.8 mmol) and the 
30 compound of Example 72(b) in toluene (6 mL) was heated at reflux for 24 h. The 
solution was concentrated and the residue was purified by flash chromatogr^by on 
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60 g of 230-400 mesh silica gel, eludng with 5% methanol in methylene chloride, to 
provide the tiUe compound as a pale yellow oil (1 .71 g, 87%). NMR (400 MHz, 
CDQa) 5 7.31 (s, 4H). 5.13 (d. IH), 5.10 (s, 2H). 4.41 (m. IH). 3.74 (s, 3H). 3.43 
(s, 2H), 2.24 (s. 6H), 1.70-1.62 (m. 2H). 1.52 (m, IH), 0.96 (d. 3H), 0.94 (d, 3H). 

5 

d) N-[4-(N J^-dimethylaminomethyl)benzyloxycaibonyl]-L-leucine lithium salt 
Following the procedure of Example 70(b), except substituting N-[4-(NJ^- 

dimethyIaminomethyl)benzyloxycarbonyl]-L-leucine methyl ester for methyl 4- 
(N,N-dimethylamittomethyl)beiizoate, the title compound was prepared as a white 
10 solid (1.57 g. 95%). iR NMR (400 MHz. CD3OD) 5 7.35 (d, 2H), 7.30 (d, 2H). 
5.06 (dd, 2H). 4.10 (dd. IH), 3.48 (s, 2H). 2.23 (d, 6H), 1.69-1.51 (m, 3H), 0.94 (d, 
3H).0.93(d,3H). 

e) 2-[N-(N-benzyloxycarbonyl-L-Ieucinyl)]-2'-[N'.I4-(NJ»J- 

15 dimethylaminomethyl)benzyloxy]cafbonyI-L-leucinyl]cafbohydfazide 

Following the procedure of Example 68(b), except substituting N-(4-(NJ^- 
dimethylaniinometl^l)benzyloxycaibonyl]-L-leucine lithium salt for N-acetyl-L- 
leucine and 2-[N-(N-beazyloxycaibonyl-L-leucinyl)]caibohydzazide for 2-[N-(N- 
benzyloxycarbonyl-L-alanyl)]carbobydiazide, the title compound was prepared as a 

20 white solid (0.069 g. 18%). MS(ESI): 642.1 (M+H)+. 

Exainpk73 

Preparation of 2-fN-benzovlV2'.[N'-fN.hP,nrvl oxvcarlioiivl-l ^ 
leiicinvnicflriiohvdniTiA. 
25 Fbllowing the procedure of Dcample 62(e) except substituting benzoyl 

chloride for4-phenoxyphenylsu]fonylchloride. the title compound was prepared as a 
white soUd(61mg, 31%). MS(ESI): 442.1 (M+H)+. 
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Exampte 74 

Preparation of 2-fN-fN-benzvlQxvcarbonvl-L-leucinvni-2^rN'>r3-r4> 

mQqyholingmcthynbcMoylllcMbQhYdraa 

a) methyl 3-(4-moipholinoinethyl)benzoate 

5 A solution of morpboline (0.836 g, 9.6 mmol) and methyl 3- 

(bromomethyl)benzoate in THF (5 mL) and DMF (5 mL) was stirred at SO X for 
3h. The solution was partitioned between ethyl acetate and water. The organic 
layer was washed successively with water, saturated aqueous NaHC03, and biine 
then dried (MgS04), filtered and concentrated to yield a colorless oil (0.872 3.72 
10 mmol). iH NMR (400 MHz, CDCI3) 5 7.99 (s, IH). 7.91 (d, IH). 7.55 (d, IH), 
7.47 (t, IH). 3.94 (s, 3H), 3J2 (m. 4H), 3.53 (s, 2H), 2.46 (m, 4H). 

b) 3-(4-morpholinometbyl)benzoic acid 

To a solution of the compound of Example 74(a) (0.872 g, 3.72 mmol) in 
IS THF (3 mL) and water (3 mL) was added lithium hydroxide monohydrate (0.171 g, 
4.08 mmol). After stirring at room temperature for 3h, the solution was 
concentrated. The residue was redissolved in water (5 mL) and 3N HCl was added 
and the solution was lyophilized to yield a yellow solid (0.822 g, 3.72 mmol). 
MS(ESI): 222.0 (M+H)+ 

20 

c) 2-(N.(N-benzyloxycarbonyl-L-leucinyl)l'2'-IN'-[3-(4- 
morpholinomethyl)benzoyl]lcarbohydrazide 

Following the procedure of Example 68(b), except substituting 3*(4- 
morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-[N-(N- 
25 benzyloxycarbonyl-L-leucinyI)]carbohydrazide for 2-[N-(N-ben2yloxycarbonyl-L- 
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.056 g, 
20%). MS(ESI): 541.0 (M+H)+. 
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Example 75 

Preparation of 2-rN-r3-benzvloxvhen70vni.2'-rN'.rN.h enzvln«vgflThAf.yl.| ,. 

leucinvmearitohvHHiTiA. 

a) methyl S-ben^loxybenzoate 

5 To a suspension of NaH (0.395 g, 9.87 nunol, 60% in mineral oil) in DMF 

(20 mL) was added methyl 3-hydroxybenzoate (1.0 g, 6.58 mmol). After stirring 
for 15 min at room temperature, benzyl bromide (1.1 g, 6.58 mmol) was added. 
After stirring at room temperature for 3h. the solution was partitioned between ethyl 
acetate and watar. The organic layer was washed with water (2 X 75 mL). saturated 
10 aqueous sodium bicarbonate, and brine, then dried (MgS04). filtered and 

concentrated to yield an off-white soUd (1.013 g. 4.2 mmol). NMR (400 MHz, 
CDCI3) 5 7.67 (m. 2H), 7.48-7.34 (m. 6H). 7.19 (m, IH), 5.12 (s. 2H), 3.95 (s. 3H). 

b) 3-benzyloxybenzoic acid 

15 To a solution of the compound of Example 75(a) (0.400 g, 1 .65 mmol) in 

THF (2 mL) and water (2 mL) was added lithium hydroxide monobydrate (0.076 g, 
1.82 mmol). After stirring at reflux for 5 h, the solution was partitioned between 
ethyl acetate and 3N HCl. The organic layer was washed with brine, dried 
(MgS04). filtered and concentrated to yield a white solid (0.355 g. 1.56 mmol). 
20 NMR (400 MHz, CD3OD) S 7.58 (m, 2H), 7.36-7.24 (m. 6H). 7. 10 (m, IH), 5.04 
(s,2H). 

c) 2-[N-(3-benryloxybenzoyl)]-2*-[N'-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide 

25 Following the procedure of Example 68(b), except substimting 3- 

benzyloxybenzoic acid for N-acetyl-L-leudne and 2-(N-(N-ben2yloxycarbonyl-L- 
leucmyOJcarbohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]cartx)hydra2ide, 
the title compound was prepared as a white solid (0.062 g, 25%). MS(ESI): 548. 1 
(M+H)+. 



120 



wo 97/16433 



PCT/US96/18000 ' 



Example 76 

Preparation of 2> W >m-benzvlQXvcartx)nvl-L4eucinvni-2'-rN'444^ 
rlifnefhylaminoVl-propvloxvlbenmvnicarbohvdrazide 

a) methyl 4-[3-(NJ4-^methylaimno)-l-pFopyloxy]beiizoate 

5 To a solution of methyl 4-hydioxybenzoate ( 1 .0 6.S8 mmol), 3- 

dimethylamino-l-propanol (LOl g, 9.87 mmol)» and triphenylphosphine (2.6 g, 9.87 
mmol) at O^C in THF (20 mL) was added dropwise diisopropyl azodicarboxylate 
(1.99 g, 9.87 mmol). After stirring for 16 h at room temperature the solution was 
conceno-ated and the residue purified by colunm chromatography (silica gel, 

10 methanol/dichloromethane) to yield the title compound as an oily solid (1.2S g, 5.2 
mmol). MS(ESI): 238.1 (M+H)+. 

b) 4-[3-(N,N-dimethylamino)- 1 -propyloxy ]benzoic acid 

Following the procedure of Example 74(b) except substimting methyl 4-[3- 
15 (N J4-dimethylamino)-l-pn>pyloxy]benzoate for methyl 3-(4- 

moipholinomethyl)benzoate» the title compound was prepared as a tan solid (1.17 g, 
5.2 mmol). MS(ESI): 224.1 (M+H)+ 

c) 2-[N-(N-bcnzyloxycaibonyl-L-leucinyl)]-2-[N*-(4-[3-(N-N-dimethylamino)- 
20 l-propyloxy]benzoyI]]carbohydrazide 

Following the procedure of Example 68(b), except substituting 4-[3-(NJ4- 
dimethylamino)-l-propyloxy]benzoic acid for N-acetyl-L-leucine and 2-[N-(N- 
benzyloxycaibonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-ben2yloxycarbonyl-L- 
alanyl)]caibohydrazide, the tide compound was prepared as a white solid (0.060 g, 
25 21%). MS(ESI): 543.1 (M+H)+. 
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Exampte 77 

Preparation of 24N-f2-ben2vloxvbenzovlM-2'-rN'>fN.ben7vlnTy^flfh^.^ , 

leucinvmcflAohvdfazide 
Following the pioceduie of Example 68(b)» except substituting 2- 
5 benzyloxybenzoic acid for N*acetyl-L*leucine and 2-[N-(N-benzyloxycatbonyl-L- 
leucinyl)]caiboliydrazide for 2-[N-(N*benzyloxycaibonyl*L-alanyl)]cart>ohydrazide, 
title compound was prepared as a white solid (0.056 g» 23%). MS(ESI): 548. 1 
(M+H)+ 

10 Eximpkis 

Preparation of 2-fN-fN-ben2vloxvcarbonvl-L>leucinvnU2',pa^[3,fA. 

pyri<iylm<?tho^y)tKnzoyincy<)9iiydrazide 

a) methyl 4-pyridinylmethoxybeQzoate 

Following the procedure of Example 76(a) except substituting methyl 3- 
15 hydroxybenzoate for methyl 4-hydroxybenzoate and 4-pyridylcarbinol for 3- 
dimethylamino-l-propanol, the title compound was prepared as a yellow solid 
(0.599 g, 2.5 mmol). MS(ESI): 244.1 (M+H)+. 

b) 4-pyridinylmethoxybenzoic acid 

20 Following the procedure of Example 75(b) except substituting methyl 4- 

pyridyhnethoxyben2X)ate for methyl 3-benzyloxybenzoate the title compound was 
prepared as a yellow solid (0.386 g, 1.69 mmol). NMR (400 MHz. CD3OD) 8 
8.54 (d. 2H), 7.64 (m. 2H), 7.57 (m, 2H). 7.40 (m, IH). 7.26 (m, IH), 5.24 (s, 2H). 

25 c) 2-[N-(N-benzylbxycaibonyl-L-leucinyI)l-2'-[N'-[3-(4- 

pyridyhnethoxy)benzoyl]]caxbohydrazide 

Following the procedure of Example 68(b), except substimting 4- 

pyridinyhnethoxybenzoic acid for N-acetyl-L-leucine and 2.[N-(N- 

benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-ben2yloxycaibonyl-L- 
30 alanyl)]carbohydrazide, title compound was prepared as a white solid (0.219 g, 

67%). MS(ESI): 549.1 (M+H)+ 
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Example 79 

Preparation of 2-rN-f4-benzvloxvbenzovni-2'-f N'-O^J-benzvloxvcar^ 

leucinvmcarbohvdrazide 
S Following the procedure of Example 75(a)-7S(c) except substituting methyl 

4-hydioxybenzoate for methyl 3-hydroxybenzoate in step (a)» the title compound 
was prepared as a white solid (0. 160 g. 49%). MS(ESI): 548. 1 (M+H)-^. 

Example 80 

10 Preparation o f 2-fN>(N-benzyloxvcarbonvl>L-leucinvm-2^rN'-f 3>benzvloxv-5- 

methoxv^benzovncarbohvdrazide 

a) methyl 3-hydroxy-S*methoxybenzoate 

A suspension of methyl 3,5-dihydn>xyben2oate (2.0 g, 1 1.9 nunol), K2CO3 
(1.6 g, 11.9 mmolX and iodomethane (1.7 g» 11.9 nunol) in acetone (100 mL) was 

IS stiired at reflux. After stirring for three hours the mixture was partitioned between 
ethyl acetate and water. The oiganic layer was washed with brine» dried (MgS04), 
filtered and concentrated. The residue was purified by colunm chromatography to 
yield the title compound as a white solid (0.813 g, 4.4 mmol). NMR (400 MHz, 
CDQs) 67.16 (m. IH). 7.12 (m. IH), 6.61 (m, IH), 5.04 (s, IH), 3.91 (s. 3H) 3.82 

20 (s, 3H). 

b) methyl 3-benzyloxy-5-methoxybenzoate 

Following the procedure of Example 80(a) except substimting methyl 3- 
hydroxy-5-methoxybenzoate for methyl 3»5-djhydn>xybenzoate and benzyl bromide 
25 for iodomethane* the title compound was prepared as a tan oil ( 1 .2 g, 4.4 mmol). 
1h NMR (400 MHz, CDCI3) 5 7.45-7.31 (m, 6H). 7.24 (s. IH), 6.76 (m, IH), 5.09 
(s, 2H), 3.95 (s, 3H), 3.84 (s, 3H). 

c) 3-benzyloxy-5-methoxybenzoic acid 

30 Following the procedure of Example 75(b) except substituting methyl 3- 

benzyloxy-S-methoxybenzoate for methyl 3-benzyloxybenzoate, the title compound 
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was prepared as an oiange solid (1. 14 g, 4.4 mmol). ^HNMR (400 MHz, CDCI3) 6 
7.42-7.20 (m, 7H), 6.71 (m, IH), 5.05 (s. 2H). 3.80 (s, 3H). 

d) 2-(N-<N-benzyloxycaibonyl-L-teucinyl)]-2-[N-(3-beiizyloxy-5- 
5 iiietboxy)benzoyl]carb(diydiazide 

Following the procedure of Example 68(b), except substituting 3-benzyloxy- 
S-methoxybenzoic acid for N-ace^l-L-leucine and 2-[N-(N-benzyloxycatboi9l-L- 
leucinyl)]caii)ohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyl)]caibohydTazide, 
tide compound was prq»ared as a white solid (0.201 g. 59%). MS(ESI): 578.0 
10 (M+H)+. 

Example 81 

Preparation of 2-fN-(N-benzvloxvcarfaonvl-L-»eucinvlM-2'-rN'.r3-henTvloxv-4 S- 
dimethoxv^benzovllcaifaohvdrazide 
15 Following the procedure of Example 68(b), except substituting 3-benzyloxy- 

4.5-dimethoxybenzioc acid for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl- 
L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]caibobydrazide. the title compound was prepared as a white solid (0.155 g, 
43%). MS(ESI): 607.9 (M+H)+ 

20 

Preparation of 2-rN.rN-benzvloxvcaibonvl-I^leucinvni-2'-fN'.f3-benzvloxv-S- 
ethoxvlbenzovllcaihohvdrflzide 
Following the procedure of Exanq)le 80(a)-80(d) except substituting 
25 iodoethane for iodomethane in stq> (a), the title compound was prepared as a white 
solid (0.162 g, 46%). MS(ESI): 592.3 (M+H)+. 
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Example 83 

Preparation of 2-fN-n>J-ben2vloxvcaffaonvlglvcinvni-2^rN^fN-ben2vloxvcai^ 

Following the pioceduie of Example 68(b), except substituting N- 
5 benzyloxycarbonylglycine for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyI- 
L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.204 g, 
65%), MS(ESI): 529.2 (M+H)+ 

10 Bi^mvk g4 

Preparation of 2>fN-f3-benzvloxybenzovm-2'-rN'-fN-.ben2vloxvcaifaQnvl-L> 

prQlinvnicaibohvdrazide 

a) 2-[N-(3-benzyloxybenzoyl)]carbohydrazide 

Following the procedure of Example 62(b)-62(d) except substituting methyl 
IS 3-benzyloxybenzoate for N-benzyloxycarbonyl-L-leucine methyl ester in step (b), 
the tide compound was prepared as an off white solid (0.421 g, 67%). MS(ESI): 
301.1 (M+H)+ 

b) 2-[N-(3-benzyloxybenzoyl)]-2-[N'-(N-benzyloxycarbonyl-L- 
20 prolinyl)]carbohydrazide 

Following the procedure of Example 68(b), except substituting N- 
benzyloxycarbonyl-L-proline for N-acetyl-L-leucine and 2-[N-(3- 
benzyloxybenzoyI)]caibohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]caibohydrazide, the dde conq)ound was prepared as a white solid (0.219 g, 
25 62%). MS(ESI): 532.0 (M+H)+ 
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Example 85 

Preparation of 2-fN-rN-benzvloxvcarix>nvl-L-lmcinv ni-2'-rN'>r4- 
phenvlphenvlacetvnicarfaohvdrazide 
Following the procedure of Example 68(b), except substituting 4- 
S bipbenylacetic acid for N-acetyl-L*leucine and 2-[N-(N*benzyloxycarbonyl-L- 

leucinyl)]caibohydrazide for 2-[N-(N-benzyloxycarbonyl-L-alanyi)]caibohydrazide, 
the title conqx>und was prepaxed as a white solid (0.224 g, 71%). MS(ESI): SS4.2 
(M+Na)+ 

10 Example 86 

Prcoaration of (2'SV2-fN>r3-benzvlQXvbenzovn%2'-rN--^-bengvl nxvcarbQnvU2. 

aminobutvrvmcarfaohvdrazide 
Following the procedure of Example 68(b), except substituting (S)'-N' 
benzyloxycarbonyl-2-aminobutyric acid for N-acetyl-L-leucine and 2-[N-(3- 
15 benzyloxybenzoyl)]caxbohydrazide for 2-[N-(N-benzyIoxycarbonyl-L- 

alanyI)]carbohydrazide, the title compound was prepared as a white solid (0.244 g, 
70%). MS(ESI): 520.3 (M+H)+ 

a^ampte 87 

20 Preparation of 2.y-rN Jf -rbis-r4-phenvlphenvlacetvnilcaAnhvdra7idi> 

To a stirring solution of carbohydrazide (0.200 g, 2.22 mmol) in DMF (12 
mL) was added 4-biphenylacetic acid (1.04 g, 4.89 mmol), 1 -hydroxy benzotriazole 
(0.060 g, 0.444 nunol), and l-(3-dimediylaminopropyl)-3-ethylcarbodiiniide 
hydrochloride (0.937 g, 4.89 mmol). After stirring at room temperature for 16 h, 

25 the solution was poured into 150 mL of water. The precipitate was filtered and 
washed with water (150 mL) and dried under high vacuum to yield the title 
compound as a white solid (0.977 g, 92%). MS(ESI): 501.1 (M+Na)"*". 
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Preparation of f 21^8 V2-rN-fN>benzvloxvcarbonvl-L>leucinvm-2'-r2-f4> 
phenvlphenoxvlpropionvncarbohydrazide 
Following the procedure of Example 68(b), except substituting 2-(4- 
5 phenylphenoxy)propionic acid for N-acetyl-L-leucine and 2-[N*(N- 

benzyloxycarbonyl-L-leucinyl)]carbohydra2ide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]caibohydrazide, the title compound was prepared as a white solid (0.183 g, 
73%). MS(ESI): 562.3 (M+H)+ 



10 Exmpte 89 

Preparation of 2-rN>(3-ben2vioxvbenzovnV2^rN^-r4- 
methylpentanoynicarbohvdrazide 
Following the procedure of Example 68(b), except substituting 4* 
methylpentanoic acid for N-acetyl-L-leucine and 2-[N-(3- 
15 benzyloxybenzoyl)]cazbohydrazide for 2-[N-(N-benzyloxycaibonyl-L- 

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.079 g, 
30%). MSOESI): 399.3 (M+H)+. 
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faampte9P 

Preparation of f2RS, 2'RSV2.2^rN.N^^his>f 2^r4>phenvlphl>nyi^^^ 
nicthvlpentanov»nicarbohvdnizide 
a) 4-inethyl-2-(4*phenylphenyI)pent<4-eaoic acid 
5 To a stirring solution of diisopropylamine (0.537 g, 5.3 1 mmol) in THF (5.2 

mL) at 0 X was added n-butyllitiiium (2. 1 mL, 5.22 mmol, 2.5M in hcxanc) 
dropwise. After stirring for 15 min at 0 **C, the mixture was cooled to -78 and a 
solution of 4-biphenylacetic acid (0.500 g, 2.36 nimol) in THF (2 mL) was added 
dropwise. After again wanning to 0 *C and coolling to -78 ^C, 3-biomo-2- 
10 methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After 
stirring at -78 T for Ih, tiie reaction was quenched with 2 mL of water tiien 
concentrated. The residue was redissolved in water and extracted with ether (100 
mL). The aqueous layer was acidified (3N HCl) and extracted v/ith etiier (3 X 100 
mL). The organic layers were combined, dried (MgS04), filtered and concentrated 
15 to yield a white solid (0.449 g. 72%). MS(ESI): 265.3 (M+H)-. 

b) 4-methyl-2-(4-phenylphcnyl)pentanoic acid 

To a stirring solution of the compound of Example 90(a) (0.449 g, 1.69 
mmol) in etiiyl acetate (25 mL) was added palladium on carbon (0.225 g). After 
20 stirring under a balloon of hydrogen for 16h, die mixture was filtered through 
Celite. The filtrate was concentrated to yield an off white solid (0.430 g. 95%). 
MS(ESI): 267.4 (M+H)-. 

c) 2RS, 2'RS)-2^'.[NJM*-[bis.[2-(4-phenylphenyl)-4- 
25 metbylpentanoyl)]]]carbohydrazide 

Following the procedure of Example 87 except substituting 4-methyl-2*(4- 
phenyIphenyl)pentanoic acid for 4-biphenylacetic acid, the tiUe compound was 
obtained, after purification by column chromatography (silica gel, 

mcthanol/dichlorometiiane), as a white solid (0.143 g. 33%). MS(ESI): 591.3 
30 (M+H)+. 
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Preparation of f 2'RS V2-rN-fN-beMvloxvcarbonvi-L-leucinvni-2^rN'-f^^ 
phenvlphenvn-4-inethvlpentanovmicaAohvdrazide 
Following the procedure of Example 68(b), except 4-methyl-2-(4- 
5 phenylphenyOpentanoic acid for N-acetyl-L-leucine and 2-(N-(N- 

benzyloxycarbonyl-L-leucinyI)]carbohydrazide for 2-[N-(N-ben2yloxycarbonyl-L- 
' alanyl)]carbohydrazide, the title compound was prepared as a white solid (0. 1 1 1 g, 
42%). MS(ESI): 588.1 (M+H)+ 

10 E?^Mnpte?2 

Preparation of f2>RS)>24N-f3-ben2vloxvbenzovnV 2^rN'-r2-f4-phenylphenvn-4- 
methvlpentanovnilcarfaohvdrazide 
Following the procedure of Example 68(b), except substituting 4-methyl-2- 
(4-phenylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-(3- 
15 benzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 

alanyl)]carbohydrazide, the tide conoqpound was prepared as a white solid (0.195 g, 
53%). MS(ESD: 551.1 (M+H)+. 

20 Preparation of 2-rN^(3>benzvlQxvbenzovni>y-rN^fl^-benzvloxvcartonvl>N>^^ 

L-leucinvnicaibohvdrazide 
Following the procedure of Example 68(b), except substituting 
benzyloxycarbonyl-N-methyl-L-leucine for N-acetyl-L-leucine and 2-[N*(3- 
benzyloxybenzoyl)]carbobydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
25 alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.341 g, 
91%). MS(ESI): 562.2 (M+H)+ 
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Example ?4 

Pfeparation of 3-benzvloxvbeii7nvm-9'-f N'-ps^-f 7. 
PVridinvlmethoxvcaibonvlVI^leucinvni carbohvdrazid 

a) N-(2-pyridinylinethoxycarbonyl)-L-leucine methyl ester 
Following the procedure of Example 72(c), except substituting 2- 

pryidylcarbinol for 4-(N J>f-dimethylamino)benzyl alcohol, the title compound was 
prepared as a brown oil (8.06 g. 89%). MS(ESI): 281.2 (M+H)+. 

b) 2-(N-(2-pyridinylyhnethoxycarbonyl)-L-leucmyl]carbohydrazide 
Following the procedure of Exanq>le 62(b)-62(d) except substituting N-(2- 

pyridinyimethoxycarbonyl)-L-leucine methyl ester for L-leucine methyl ester in step 
(b), the title compound was prepared as a pale yellow foam (0.598 g, 69%). 
MS(ESI): 339.3 (M+H)+ 

c) 2-[N (3-benzyloxyben2oyl)l-2'.[N'.[N-(2-pyridinylmethoxycarbonyl)-L- 
leucinyl]]carbohydrazide 

Following the procedure of Example 68(b), except substituting 3- 
benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(2- 
pyridinylyhnethoxycarbonyl)-L-leucinyl]carbohydrazide for 2-[N-(N- 
benzyloxycarbonyl-L-alanyl)]caibohydrazide, the title compound was prepared as a 
white solid (0.057 g. 33%). MS(ESI): 549.2 (M+H)+ 

Example?? 

Pfgparation of 2-rN-r3-f4>pvridvlmethnxvibenMvni,r.fNLf ^^^^ 

PVridinvlmethoxvcarfaonvlVI^leucinvnicflriv.hy^pyf^r 
Following the procedure of Example 68(b), except substimting 3-(4- 
pyridinyhnethoxy)benzoic acid for N-acetyl-L*leucme and 2-[N-(2- 
pyridinylyhnethoxycarbonyl)-L-leucinyl]carbohydrazide for 2-[N-(N- 
ben2yloxycarbonyl-L-alanyl)]carbohydrazide, the title compound was prepared as a 
yellow solid (0.088 g, 27%). MS(ESI): 550.2 (M+H)+. 
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Prepjffatwn of (2RS^^fN^r^^f4'ph^nYllphsnyl)■4-msft^^ 
pyritfinylmeftQxyciutQnylVL-tewqnYnica^ 
Following the procedure of Example 68(b), except 4-methyl-2-(4- 
5 plieiiylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-(2- 
pyridinylylmetboxycarbony])-L-leucinyl]carbohydrazide for 2-[N-(N- 
benzyloxycaibonyI-L-alanyI)]carbohydrazide, the title compound was prepared as a 
yellow soUd (0.056 g, 24%). MS(ESI): 589.4 (M+H)+ 



10 fixffllpk 97 

Pffpmtion of ^rN-(N't)g)(i:R^tocait>Qny|>t^>l^ypiffiyl)V2 -r^^^ 

4-mgthylpentfflQyl)iteartQhy<im?i4e 

The title compound was prepared from the compound of Example 91 using 
HPLC (Sumipax OA-3100, 4.6 X 150 mm, 80/20 hexane/ethanol, 1.0 mUmin, 
15 retention time = 5.9 min). 

Exampte 98 

Preparation of 2-fN-(N-benzvloxvcarbonvl>L-leucinvni-2'-rN'-r2»(4-phenvlphenvlV 
4.methvlpentanovnncarbohvdrazide 
20 The title compound was piepaied from the compound of Example 91 using 

HPLC (Sumipax OA-3100, 4.6 X ISO nun, SO/20 hexane/ethanol, 1.0 mL/min, 
retention time = 8.1 min). 
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Example 99 

Pteparation of 2-rN-(N>benzvlQxvcariionv UL.leucinvni.y,n^Lf N-f4^ 

phcnvlplicnvlVN-f2-methvlpropvlVcaAamovnica^^ 
To a stiiring solutioD of phosgene (0,228 mL, 0.244 mmol. 12.5% solution 
5 in benzene) was added dropwise a solution of N-(2-methylpiopyl)- N-(4- 
phenylphenyl)anune (0.050 g, 0.222 mmol) and triethylamine (0.025 g. 0.244 
nunol) in dichlorometbane (1 mL). After stining at room temperature for 15 min 
this solution was added dropwise to a solution of the compound of Example 1(d) 
(0.083 g, 0.244 mmol) and triethylamine (0.025 g, 0.244 mmol) in dichloromeihane 
10 (1 mL) at room temperature. After stiiring at room temperature for 48h, N- 
methylmorpholine (0.022 g, 0.222 mmol) and DMF (2 mL) were added to the 
solution and heated at 50 X for 16h. The solution was then diluted with ethyl 
acetate (5mL) and washed successively with water, aqueous saturated NaHCOs, 
brine. The organic layer was dried (MgS04), filtered and concentrated. The 
15 residue was purified by column chromatography (silica gel, methanol/ 

dichloiomethane) to yield the title compound as a yellow solid (0.023 g, 18%). 
MS(ESI): 589.4 (M+H)+ 

EXMiPte 100 

20 Pftyparation of 2>fN-f 3-benCTloxvbenzovni-2'-rN^fN^methv1-I - 

leucinvnicarfaohvdra^ide 

a) 2-IN.(3-ben2yloxyben2oyl)]-2'-(N'.(N-/m-butoxycarbonyl-N-methy^ 
leucinyl)]caifoohydrazide 

Following the procedure of Example 68(b), except substituting N-tert- 
25 butoxycarbonyl-N-methyl-L-leucine for N-acetyl-L-leucine and 2-[N-(3- 
benr/loxybenzoyl)]cart>ohydrazidc for 2-[N^.benzyloxycarbonyl-L- 
aIanyl)]caibohydrazide, the title compound was prepared as a white solid (0. 183g, 
69%). MS(ESI): 550.4 (M+Na)+ 
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b) 2-[N-(3-bcn2yloxyben2oyl)l-2-[N-(N-niethyl-L-lcucinyl)]c 

To a stirring solution of the compound of Example 100(a) (0. 100 g, 0.189 
mmol) in dichlorometbane (1 mL) was added trifluoioacetic acid (0.296 g, 2.S 
nunol). After stirring at room temperature for 15 min, the solution was 
5 concentrated and the residue was purified by column chromatography (silica gel, 
methanol/dichloromethane) to yield the title compound as a white solid (O.OSS g, 
68%). MS(ESD: 428.4 (M+H)+ 



Example 101 

10 Preparation of 2-rN>fN>bcnzvloxvcarbonvM^leucinvni>2' >rN'>rN>methvl-L^ 

leucinvl^lcarfaohvdrazide 
Following the procedure of Example 100(a)- 100(b), except substituting 2- 
[N-(N-benzyloxycarbonyl-L-leucinyl)lcarbohydra2ide for 2-IN-(3- 
benzyloxybenzoyI)]carbohydrazide in step (a), the tide confound was prepared. 
15 MS(ESI): 465.5 (M+H)+. 

Example 102 

Preparation of f lSVN-f2-rf l-benzvloxvcarfaonvlaminoV3-methvlbutvnthiazol-4- 

ytearb9nyn-N-f4'PhgnoxypbgnyMfftnyllhyd^ 

20 a) N-benzyloxycaibonyl-L-leucinamide 

To a stirring solution of N-benzyloxycarbonyl-L-leucine (4.6 g, 17.3 nmiol) 
in THF, cooled to -40 *C. was added N-methylmorpholine (3.68 g, 36.4 mmol; 4.0 
mL) and isobutyl chloroformate (2.37 g, 17.3 mmol; 2.25 mL). After stirring for 15 
min, ammonia was bubbled through the solution for 5 min. The solution was 

25 warmed to room temperature, evaporated, and the residue was dissolved in ethyl 
acetate, washed with 0. 1 N Hcl, and saturated brine, then dried (MgS04), filtered 
and evaporated to diyness to give the title compound as a white solid (4.58 g, 
100%). 
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b) N-benzyloxycarbonyl-L*leucinethioainide 

A solution of the compound of Example 102(a) (4.58 g, 17.3 mmol) and 
Lawesson's reagent (4.21 g. 10.4 mmol) in THF was allowed to stir at room 
temperature for 16 h. The solution was concentrated and the residue was purified 
by flash chromatography on 230-400 mesh silica gel, eluting with 1:3 
EtOAc/hexanes, to provide the title compound as a pale yellow solid (3.74 g, 77%). 

c) ( 1 S)- 1 -benzyloxycarbonylamino- 1 -(4-carboethoxythiazol-2-yl)-3- 
methylbutane 

The compound of Example 102(b) (2.20 g, 7.83 mmol) was dissolved in 
acetone (35 mL), cooled to -10 X, and ethyl bromopynivate (1.68 g, 8.62 mmol, 
LOS mL) was added. After stirring for 1 h, the solution was poured into methylene 
chloride/water, then into saturated aqueous NaHC03. Th^ aqueous layer was 
extracted with methylene chloride and the combined organic layers were washed 
with saturated brine, dried (MgS04), filtered and concentrated. The residue was 
dissolved in methylene chloride, cooled to -20 C, pyridine (1.36 g, 17.2 mmol, 
1.39 mL) and trifluroracetic anhydride (1.81 g, 8.62 nomol, 1.22 mL) were added. 
After stirring for 1 h, the solution was washed with saturated squeous NaHCOs 
saturated brine, then dired (MgS04), filtered, and concentrated. Tge residue was 
purified by flash chromatography on 90 g of 230-400 mesh silica gel, eluting with 
1:3 ethyl acetate/hexanes, to provide the title compound as a pale yeUow oil (2.36 g, 
80%). 1h NMR (400 MHz, CDCI3) 5 8.08 (s. IH), 7.38 (m, 5H), 5.42 (s, 3H). 
5.23-5.07 (m, 3H), 4.42 (q. 2H), 2.01-1.62 (m, 3H). 1.41 (t, 3H), 0.99 (d, 6H). 

d) (lS)-l-benzyloxycarbonylaniino-l-(4-hydra2inocarbonylthia2ol-2-yl)-3- 
methylbutane 

The compound of Example 102(c) (2.16 g, 5.73 mmol) was dissolved in 
ethanol (60 mL) and hydrazine hydrate (2.87 g, 57.3 mmol. 2.8 mL) was added and 
the solution was heated at 75 for 1 h. The solution was cooled and evaporated to 
dryness to provide the title compound as a pale yellow foam (2.01 g, 97%). 1h 
NMR (400 MHz, CDCI3) 5 8.35 (bs, IH), 8.03 (s, IH), 7.37 (m, 5H), 5.29 (d, IH), 
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5.14-5.09 (m, 3H), 4.07 (bs, 2HX 1.92-1.82 (m. IH), 1.79-1.66 (m, 2H). 1.00 (d, 
6H). 

e) (lS)-N-[2-[(l-benzyloxycarbonylaiiimo)-3-methylbutyl]thiaTO 
5 ylcarbonyl]-N'-(4-phenoxyphenylsulfonyl)hydrazide 

To a stirring solution of the compound of Example 102(d) (275 mg, 0.76 
mmol) in dichloromethane at room temperature is added pyridine (180 mg» 2.28 
mmoU 0.2 mL) and 4-phenoxybenzenesulfonyl chloride (408 mg, 1.52 mmol). The 
reaction was stirred for 16 hours and the solvents were evaporated to a residue 
10 which was chromatographed (silica gel, 40% ethyl acetate in hexane) to give the 
tide compound as a white solid (0.3 10 g). MS (ESI): 595.6 (M+H*^). 

gx^pk IQ3 

Preparation of riSVN-r4>ri-fN-ben2vloxvcarfaonvKL-leucinvlaminoV3- 

IS methvlbutvllthia2oi-2>vlcarbonvll-N'-m-benzvloxvcarfaonvl-L-leucinvn^^ 
a) N-benzyloxycarbonyl-L-leucinyl-L-leucinyl bromomethylketone 

l-Methyl-3-nitro-l-nitrosoguanidine (5.9 g» 40.1 1 mmol) in ether (200 mL) 
is cooled to O^C. 40% potassium hydroxide is added slowly and the diazomethane is 
allowed to collect in the ether solution for 30 minutes at O^C. 

20 N-benzyloxycaibonyl-L-Leucinyl-L-Leucine (Bachem) (4.0 g, 10.58 nunol) 

is stirred in tetrahydrofuran at -40°C. N-nwthylmorpholine (1.07 g, 10.58 mmol, 
1.16 mL) and isobutyl chloroformate (1.45 g, 10.58 mmol, 1.38 mL) are added. 
The mixture is stirred at -40'*C for 15 minutes and then filtered into a cold flask to 
remove precipitated salts. To the filtered solution is added an excess of the 

25 previously prepared diazomethane solution and the mixture is allowed to stand at 
O^C for 16 h. An excess of 30% HBr in acedc acid is added at O^C and the solution 
is then washed successively with l.ON citric acid, saturated aqueous sodium 
bicarbonate (carefully), and brine. The solution is dried over sodium sulfate, 
filtered, and evaporated to give the title compound as a white solid (4. 10 g). 

30 NMR (400 MHz. CDCI3) 5 734 (m, 5H), 6.51 (d, IH), 5.15 (d, IH), 5.10 (s. 2H), 
4.78 (m. IH), 4.20 (m, IH), 4.04 (dd, 2H), 1.63 (m. 6H), 0.93 (m, 12H). 
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b) (2S4'S)-2-(benzyloxycaibonyl)ainin(>.N.(l'<2-carboethoxythiazoI-4-yl).3'- 
methylbutylH-methylpentananude 

The compound of Example 103(a) (2.0 g, 4.4 mmol) and ethyl thiooxamate 
5 (0.59 g, 4.4 mmol) were refluxed in ethanol for 4 h. The solvent was evaporated and 
the residue chromatognq>hed (silica gel, 2.5% methanol/dichloromethane) to give 
the title compound as a white soUd (1 .46 g). NMR (400 MHz, CDCI3) 6 7.32 (s, 
IH), 7.21 (m. 5H). 6.40 (d. IH). 5.13 (dd. IH), 5.02 (s, 2H), 4.41 (q, 2H), 4.06 (m. 
IH), 1.71 (m. 2H), 1.47 (m. 4H), 1.33 (t, 3H). 0.73 (m, 12H). 

10 

c) (2S, 1 •S)-2-(benzyloxycarbony])aniino-N-[ 1 '-(2-hydrazinocarix>nylthiazol-4- 
yl>3'-methylbutyI]-4-methylpentanamide 

Following the procedure of Exany)le 102(d), except substimting (2S,l'S)-2- 
(benzyloxycarbonyl)amino.N-(l'-(2-carboethoxythiazol-4-yl)-3'.niethylbutylJ^ 
15 methylpentanamide for (lS)-l-benzyIoxycarbonylamino-l-(4-caiboethoxythiazol-2- 
yl)-3-niethylbutane, the title conqiound was prepared. MS (ESI): 476.3 (M+H+). 

d) (lS)-N-[4-[l-(N-ben^loxycaibonyl-L-leucinylamino)-3- 
methylbutyl]thiazol-2-ylcaibonylJ-N'-(N-benzyloxycart)onyl-L-leucinyI)hydra2ide 

20 To a stilting solution of the compound of Example 103(c) (180 mg, 0.38 

mmol) in dimethylformamide is added N-benzyloxycarbonyl-L-leucine (1 1 1 mg, 
0.42 mmol), l-(3-diniethylaminopropyl)-3-etbylcaibodiimide hydrochloride (80 mg, 
0.42 mmol), and 1-hydroxybenzotriazole (13 mg, 0.096 mmol). The reaction 
mixture is stined for 16 hours at room tenqwrature, filtered, and washed twice with 

25 water. The solvent was evaporated to give the title compound as a white solid. 
(0.207 g). MS (ESI): 723.9 (M+H+). 
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Example 104 

Preparation of f lSVN-r24f l>benzvloxvcart)onvlaininoV3-methvlbutvllthi^^ 
yte«t>Qnyn*NH4-phgnylphCTYlacgtYl)lhyaTOtf^ 
Following the procedure of Example 103(d), except substituting (IS)-l- 
5 benzyloxycaibonylamino- 1 -(4-hydrazinocarbonylthiazoI-2-y l)-3-methylbutane for 
(2S, 1 'S)-2-(benzyloxycarbonyl)ainino-N-[ 1 •-(2-hydrazinocarbonylthia2ol-4-yl)-3 - 
inethylbutyl]-4-methylpentanamide, and 4-biphenylacetic acid for N- 
benzyloxycarbonyl*L*ieucine, the title compound was prepared as a white solid. 
MS (ESI): 557.2 (M+H)+ 

10 

Example IQg 

Preparation of nSVN-r2-fri-ben2vloxvcarbonvlaminoV3>methvlbutvllthia2ol-4- 

ykarbonyn-N'-f3>(4-pryiijipy|mgftQyy)bgin^y^ 

a) methyl 3-(4*pyridinyllmethoxy)benzoale 

15 To a stirring solution of methyl 3-hydroxybenzoate ( 1 .0 g« 6.58 mmol), 4- 

pyridylcarbinol (1.1 g, 9.87 nunol)» and triphenylphosphine (2.6 g, 9.87 mmol) in 
THF (25 mL) at OT was added diisopropyl azodicarboxylate (2.0 g, 9.87 nunol) 
dropwise. After stining at room temperature for 16h, the solution was concentrated 
and purified by colunm chromatography (silica gel, ethyl acetate/hexane) to yield 

20 the title compound as a white solid (0.599 g, 37%). MS(ESI): 244. 1 (M+H)+. 

b) 3-(4-pyridinyllmethoxy)benzoic acid 

To a stining solution of the compound of Example 105(a) (0.599 g, 2.47 
nunol) in THF/H2O (1:1, 10 mL) was added lithium hydroxide monohydrate (0. 1 13 

25 g, 2.7 1 nunol). After stining at reflux for 3.5h, 1 . 1 eq of IN HCl was added and the 
mixture poured into water. The mixture was extracted with ethyl acetate (2 X 100 
mL). The organic layers were combined, washed with brine, dried (MgS04), 
filtered and concentrated to yield the title compound as a yellow solid (0.386 g, 
68%). 1h NMR (400 MHz, CD3OD) 6 8.54 (d, 2H), 7.64 (m. 2H), 7.57 (m, 2H), 

30 7.40 (m, IH). 7.26 (m, IH), 5.24 (s, 2H). 
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c) (lS)-N-[2-[(l-beiizyIoxycarbonylaiiiino)0-methylbutyl]thi^ 
ylcarbonyl]-N-[3-(4-pryidinylmethoxy)bciizoyl]hydra2ide 

Following the procedure of Example 103(dX except substituting (IS)-l- 
ben^loxycarbonyla]nino-l-(4-hydrazinocarbonylthiazoI-2-yl)0-meA^^ 
5 (2S,rS)-2-(benzyloxycaibonyl)anuno-N-[r-(2-hydrazinocarbonylthi^ 

methylbutyl]-4*methylpentanamide, and 3-(4-pyridinylmethoxy)benzoic acid for N- 
benzyloxycaibonyl-L-leucine, the title compound was prepared as a white solid 
MS (ESI): 574.2 (M+H)+ 

10 E^ampl^ m 

Preparation of N42-f2-chloroDhenoxvmeth vnthia2oM-Vlcarbonvl1-N'.fN-(4- 
PYridinvlmcthoxvcarbonvlVI^leucinvllhvdraridi^ 
a) a-isocyanato-L-leucine methyl ester 

L-leucine methyl ester hydrochloride (25 g, 0. 14 mol) was dissolved in 

15 metfiylene chloride (450 mL), cooled to 0 **C, and pyridine (43.5 g. 0.55 mol, 44.5 
mL) was added, then a 1.93 M solution of phosgene in toluene (0.18 mol, 92.7 mL) 
was added slowly. After stirring at 0 for 2 h, the mixture was poured mto 0.5 N 
HCl ( 1400 mL) and ice (900 mL), The organic layer was washed with 0.5 N HCl 
(1400 mL) and ice (900 mL). The aqueous layers were extracted with methylene 

20 chloride (450 mL) and the combined organic layers were washed with saturated 
brine (1400 mL) and ice (900 mL), then dried (MgS04), filtered and concentrated. 
The residue was distilled (56-58 **C; 0.78 nmiHg) to provide the title compound as a 
colorless liquid (20.4 g, 86%). 1h NMR (250 MHz, CDCI3) 5 4.04 (dd, IH), 3.82 
(s, 3H), 1.92-1.72 (m, IH), 1.69-1.62 (m, 2H), 0.96 (d, 3H), 0.94 (d, 3H). 

25 

b) N-(4-pyridinyhnethoxycarbonyl)-L-leucine methyl ester 

A solution of the compound of Example 106(a) (5.10 g, 29.8 mmol) and 4- 
pyridylcarbinol (3.25 g, 29.8 mmol) in toluene (30 mL) was heated at reflux for 24 
h. The solution was concentrated and the residue was purified by flash 
30 chromatography on 250 g of 230-400 mesh silica gel, eluting with 3: 1 ethyl 

acetate/hexanes, to give the title compound (7.86 g, 94%). Ir NMR (250 MHz, 
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CDCI3) 6 8.59 (d, 2H). 7.24 (d, 2H), 5.33 (d, IH). 5.13 (s, 3H). 4.40 (dt. IH). 3.75 
(s, 3H). 1.81-1.51 (m, 3H), 0.96 (d. 3H), 0.95 (d, 3H). 

c) N-(4-pyiidinylinethoxycarbonyl)-L-leucine 

5 To a stirring solution the compound of Example 106(b) ( 1 .98g, 7.06 mmol) 

in THF (7 mL) was added 7 mL of water followed by LiOH«H20 (325 mg, 7.76 
mmol). The mixture was stirred for 30 minutes and then concentrated. The residue 
was redissolved in water (10 mL) and 3 ^HCl was added (2.6 mL). The solution 
was lyophilized to yield a white solid (2.015 6.44 mmol). MS (ESI): 267.2 
10 (M+H)+ 

d) N-[2-(2-chlorophenoxymethyl)thiazol-4-ylcarbonyl]hydrazide 
Following the procedure of Example 102(d), except substituting ethyl 2-(2- 

chlorophenoxymethyl)thiazole-4-carboxylate for (IS)-l-benzyloxycarbonylamino- 
15 l-(4-carboethoxythiazol-2-yl)-3-methylbutane, the title coimpound was prepared. 
MS (ESI): 284.1 (M+H)+ 

e) N-[2-(2-chlorophcnoxymcthyl)thiazol-4-ylcarix>nyl]-N-[N-(4- 
pyridinylmethoxycaibonyl)-L-leucinyl]hydrazide 

20 Following the procedure of Exanq)le 103(d), except substituting N-[2-(2- 

chlorophenoxymethyl)thiazol-4-ylcarbonyl]hydrazide for (2S,rS)-2- 
(benzyloxycaibonyl)aniino-N-[r-(2-hydrazinocarbonylthiazol-4*yl)-3- 
methylbutyl]-4-methylpentanamide» and N-(4-pyridinylmethoxycarbonyl)-L-leucine 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

25 solid. MS (ESI): 532.1 (M+H)+ 
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Example lfl7 

Preparation of N-fN-f4-nvridinvlinethoxvcathniiviv.T^» eMcinvn.N'.f9- f 4-f ^ ; > ^■ 
flMadiazol-4-vltehenvnthia2ol-4-vi«irhft> ^vnhvdrii^ ,jff 

a) N-[2-(4-( 1 .2.3-thiadiazoI-4-yl)]thiazol-4-ylcaibonyl]hydrazide 
Following the procedure of Example 102(d), except substituting ethyl 2-(4- 

(1.23-thiadiazol-4-yl)]thiazole-4-caiboxylate for (lS)-l-ben2yloxycaitK)nyIaniino- 
l-(4-cari)oethoxythiazol-2-yl)-3-inethylbutane, the title compound was prepared as a 
white solid. MS (ESI): 304.1 (M+H)+. 

b) N-(N<4-pyridinyteicthoxycarbonyl)-L-leucinyl]-N-[2-[4-( 1,2,3-thiadiazol- 
4-yI)phenyl]thiazol-4-ylcart>onyl]hydrazide 

Following the procedure of Example 103(d). except substituting N-[2-[4- 
(l,2,3-thiadiazol-4-yl)]thiazo]-4-ylcaibonyl]hydrazide for (2S,rS)-2- 
(benzyloxycarbonyl)amino-N-[l'-(2-hydra2inocarbonylthiazol-4-yl)-3*- 
methyIbutyll-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 
solid. MS (ESI). 552,1 (M+H)+. 

Example lOR 

FreParation of N-r2-n-(4-ChloroDhenvlsulfonvlmethv nthien-2-vnf hia^ ^ ]^ 

y]C«tonvl1-N'-rN-f4-imidinvlmethoxvcarhoiivlV.I,l euemvnhvH«.,iH^^ 

a) N-[2-[3-(4<hlorophenylsulfonyhnethyl)thien-2-yl]thiazol-4- 
carbonyljhydiazide 

Following the procedure of Exaiiq)le 102(d). except substituting 2-[3-(4- 
chlon9benylsulfonyhnethyl)thien-2-yl]thiazole-4-caibo:qrlate for (IS)-l- 
ben2yloxycarbonylamino-l-(4<aiboethoxythia2ol-2-yl)-3-methylbutane. the tide 
compound was prepared as a white solid. MS (ESI): 414.1 (M+H)+ 
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b) N-[2-[3-(4<hlorophcnylsulfonylmcthyl)thicn-2-yl]thia2M)^^ 
[N-(4-pyridinylmethoxycaibonyl)-L-lcucinyl]hydra2ide 

Following the procedure of Example 103(d), except substituting N-[2-[3-(4- 
cWorophenylsulfonylmethyl)thien-2-yl]thiazol-4<arbonyl]hydr^ for (2S.rS)-2- 
5 (benzyloxycarbonyl)ainino-N-[ 1 -(2-hydrazinocarbonylthiazol-4-yl)-3'- 

methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucinc 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white . 
MS (ESI): 664.0 (M+H)+ 

10 gx^ple 109 

Preparation of aS.2'R SVN-r2-f(l-benzvloxvcarbonvlanMnoV3-methvlbutvlltf^ 
4-vlcarfaonvll>N'-r2^f4>phenvlDhenvlacetvn-4-methvlixintanOvllhv 

a) 4-roethyl-2-(4-phenylphenyl)pent-4-enoic acid 

To a stirring soludon of diisopropylamine (0.537 g, 5.31 nrniol) in THF (5.2 
15 mL) at 0 ""C was added n-butyllithium (2. 1 mL, 5.22 mmoU 2.5M in hexane) 

dropwise. After stirring for 15 min at 0 ^C, the mixture was cooled to -78 ""C and a 
solution of 4-biphenylacetic acid (0.500 g. 2.36 mmol) in THF (2 mL) was added 
dropwise. After again wanning to 0 and coolling to -78 "^C. 3-bn)mo-2- 
methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After 
20 stirring at -78 for Ih, the reaction was quenched with 2 mL of water then 

concentrated. The residue was redissolved in water and extracted with ether (100 
mL), The aqueous layer was acidified (3N HCl) and extracted with ether (3 X 100 
mL). The organic layers were combined, dried (MgS04), filtered and concentrated 
to yield a white solid (0,449 g, 72%). MS(ESI)! 265.3 (M+H)". 

25 

b) 4-meihyl-2-(4-phenylphcnyl)pentanoic acid 

To a stirring solution of the compound of Example 109(a) (0.449 g, 1.69 
mmol) in ethyl acetate (25 mL) was added palladium on carbon (0.22S g). After 
stirring under a balloon of hydrogen for 16h, the mixture was filtered through 
30 Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95%). 
MS(ESI): 267.4 (M-i-H)-. 



141 



wo 97/16433 



PCT/US96/18000 ' 



c) (lS,21(S)-N-[2-[(l-benzyloxycartx)nylaiiiino)-3<niethylbutyl]thiazol-4- 
ylcaibonyl]-N'-[2'-(4-pbenyIphenylacetyl)-4-inethylpentanoy]]hydrazide 

Following the procedure of Exaiiq)le 101(d), except substituting (1S)-1- 
5 benzyloxycaibonylainino-H4-hydrazinocai1)onylthiazol-2-yl)-3-tnethylbutane for 
(2SJ'S)-2-(benzyloxycaibonyl)aimno-N-[lH2-hydnizinocarbonylthiazol-4-yl)-3'- 
niethylbutyll-4-niethylpentanamide, and4-niethyl-2-(4-phenylphenyI)pentanoic acid 
for N-benzyloxycaibonyl-L-leucine, the title compound was prepared as a white 
soUd. MS (ESI): 613.2 (M+H)+ 

10 

Example 1 in 

PreParaUon of N-r2.r3-ben7.vloxvnhenvl^hi a 2ol-4.vlcarhnovn.N'.fN.f2. 
PvridinvlmethoxvcaiteonvlVT^lMirinvllhvdiazifte 

a) methyl 3-benzyloxybenzoate 

15 To a suspension of NaH (0.395 g. 9.87 mmol, 60% in mineral oU) in DMF 

(20 mL) was added meUiyl 3-hydroxybenzoate (1 .0 g, 6.58 mmol). After stirring 
for 15 min at room temperature, benzyl bromide (1.1 g, 6.58 mmol) was added. 
After stirring at room temperature for 3h, the solution was partitioned between ethyl 
acetate and water. The oiganic l^er was washed witii water (2 X 75 mL), saturated 

20 aqueous sodium bicaibonate. and brine, then dried (MgS04), filtered and 

concentrated to yield an off-white solid (1.013 g, 4.2 mmol). NMR (400 MHz, 
0X33) S7.67 (m, 2H), 7.48-7.34 (m. 6H). 7.19 (m. IH). 5.12 (s. 2H). 3.95 (s, 3H). 

b) 3-benzyloxyb«izaniide 

25 To a suspension of ammonium hydrochloride (1.070g, 0.02 mmol) in 20 mL 

of toluene at 5oC, was slowloy added a 2M solution (10 mL) of trimetiiylaluminium 
in toluene. After tiie addition was complete, the reaction mixture was allowed to 
warm at room temperature and was stirred for 2 hours until gas evolution has 
ceased. 

JO To a stirring solution of the compound of Example 1 10(a) (605 mg, 2.49 

mmol) in toluene was added a 0.67 M solution of MeAiaNH2 ( 1 1 mL, 7.49 mmol) 
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in toluene. The reaction mixture was allowed to stir overnight at reflux. The 
reaction was quenched with 5% HCI, the organic layer was separated and the 
aqueous layer extracted three times with ethyl acetate. The organic extracts were 
combined, dried over MgS04, filtered and concentrated to afford the title compound 
S as a white solid (409 mg, 72%). MS (ESI): 228.1 (M+H)-^. 



c) N-[2-(3-benzyloxyphenyl)thia2ol-4-ylcarbonyl]hydrazide 

Following the procedure of Example 102(b)- 102(d), except substituting 3- 
benzyloxybenzamide for N-benzyloxycaibonyl-L-leucinamide in step (b), the title 
10 compound was prepared as a white solid. MS (ESI): 326.2 (M+H)^. 

d) N-(2-pyridinylmethoxycarbonyI)-L-leucine 

Followong the procedure of Example 106(a)- 106(c), except substituting 2- 
pyridylcarbinol for 4-pyridylcarbinol in step (b), the title compound was prepared. 
15 iH NMR (400 MHz, CD3OD) 5 8.50 (d, IH), 7.86 (dt, IH), 7.51 (d, IH), 7.36 (dd, 
IH), 5.20 (d. IH). 5.16 (d. IH), 4.19 (t. IH), 1.78-1.72 (m, IH), 1.62 (t. 2H). 0.97 
(d, 3H),0.94(d, 3H). 



e) N-(2-(3-benzyloxyphenyl)thiazol-4-ylcarbonyll-N*-[N-(2- 

20 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-(3- 
benzyloxyphenyl)thiazol-4-ylcarbonyl]hydrazide for (2S,rS)-2- 
(benzyloxycarbonyl)amino-N-[r-(2-hydrazinocarbonylthiazoI-4-yl)-3* 
methylbutyl]-4-methyipentanamide, and N-(2-pyridinyhnethoxycarbonyl)-L-leucine 

25 for N-benzyloxycarbonyl-L-leudne, the title compound was prepared as a white 
solid (106 mg, 0. 184 mmol). MS (ESI): 574.2 (M+H)+ 
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Pteparation of f IRSVN■f2-n-r4.phenvlnhenvlV3.nnethvlh.ltvl1thifl^^^^-4- 
V]carfaQnv^-N'-fN-f4-DvridinvlmetfaoxvealhonvlVL.^euemvnhvri« 
a) N-[2-[l-(4-phenylphenyl)-3-inethylbutyl]thiazol-4-ylcaibonyl]hydrazide 
S Following the procedure of Exanqile 102(a)- 102(d), except substituting 4- 

methyl-2-(4-pheny]phenyl)pentanoic acid for N-benzyloxycaibonyl-L-leucine in 
step (a), the title compound was prepared as a white solid. MS (ESI): 366.3 
(M+H)+. 

10 b) (1 RS)-N-[2-[ 1 -(4-phenylphenyl)-3-niethylbutyl]thia2ol-4-ylcarbonyl]-N'-(N- 

(4-pyridinylmethoxycaibonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-[l-(4- 

phenylphenyl)-3-methylbutyl]thiazol^ylcaibonyl]hydrazide for (2S,rS)-2- 

(ben2yloxycarbonyl)amino-N-[ 1 '-(2-hydrazinocarbonylduazol-4-yl)-3'- 
15 methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycaibonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid. MS (ESI): 614.3 (M+H)+. 

EMmpte 112 

20 Preparation of N-r2-r2-benzvloxvDhenvmhia zol-4-vlcaifaoiivn-N'.rN.r4. 

PvridinvlmethoxvcaibonvlVL-leueinvllhvdrazide 
a) ettiyl 2-aminothiazole-4<aiboxylate hydrobromide 

To a stirring suspension of thiourea (6.0 g, 78.8 mmol) in ethanol (80 mL) 
was added ethyl bromopyiuvate (1S.4 g. 78.8 mmol). The resulting solution was 
2S heated at 45 X for 23 h. Tte solution was cooled at 0 °C for 24 h, and the crystals 
were collected by filtration and washed with cold ethanol to provide the title 
compound (15.8 g, 79%). NMR (400 MHz. CD3OD) 5 7.70 (s, IH), 4.41 (q, 
2H), 1.38(t,3H). 
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b) ethyl 2-broinothiazole-4^arboxylate 

To a stirring suspension of the compound of Example 1 12(a) (12. 15 g, 48 
mmol) in 16% aqueous HBr (ISO mL), cooled to 0 was added diropwis a 
solution of sodium nitrite (3.44 g, 49.8 mmol) in water (6 mL). After stirring for 35 
S min, copper (I) bromide (7.83 g, 54.6 mmol) and 16% aqueous HBr (60 mL) were 
added and the mixture was heated at 70 for 1 h. The mixture was filtered and the 
filtrate was saturated with NaQ then extracted with ethyl acetate (iz X 170 mL). 
The combined extracts were dried (MgS04), filtered and evaporated to dryness. 
The residue was combined with combined with the solid collected in the first 

10 filtration, heated at reflux in ethanol (500 mL) for 5 min, then filtered. To the 

filtrate was added 1.5 mL of 48% aqueous HBr and the solution was heated at reflux 
for 16 then concentrated. The residue was partitioned between saturated aqueous 
NaHC03 and ethyl acetate. The organic layer was washed with saturated brine, 
dried (MgS04), decolorized with charcoal, filtered and concentrated to provide the 

15 tide con^und as a pale yellow soUd (7.46 g, 75%). MS (ESI): 236.0 (M+H)+ 

c) 2-benzyloxybromobenzene 

To a stirring solution of 2-bromophenol (10.0 g, 57.8 nmiol), and benzyl 
bromide (9.9 g, 57.8 mmol) in acetone (150 mL) was added K2CO3 (12.0 g, 86.7 

20 mmol). After stirring at reflux for 4h, the inixture was partitioned between ethyl 
acetate and water. The organic layer was washed with brine, dried (MgS04), 
filtered and concentrated. The residue was purified by colunrn chromatography 
(silica gel. ethyl acetate/hexane) to yield the title compound as a colorless oil (15.2 
g. 57,8 mmol). ^HNMR (400 MHz, CDCI3) 6 7.62 (m, IH), 7.54 (m, 2H), 7.45 (m, 

25 2H), 7.37 (m, IH), 7.28 (m. IH), 6.98 (m. IH), 6.91 (m. IH), 5. 17 (s, 2H), 

d) 2-benzyloxyphenylboronic acid 

To a stirring solution of the compound of Example 1 12(c) (15.2 g, 57.8 
nunol) in THF (100 mL) at -78''C was added dropwise /?-BuLi (23. 1 mL, 2.5M in 
30 hexane, 57.8 mmol). The mixture stirred at -78**C for 25 min when added via 
cannulation to a stirring solution of triisopropylborate (54.4 g, 289 mmol) in THF 
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(100 mL) at -78*C. After wanning to room temperature and stirring for 3h. the 
mixnire was poured into 3N HCl (100 mL) and extracted with ethyl acetate (3 X 
200mL). The organic layers were combined, washed successively with water and 
brine, dried (MgS04X filtered and concentrated. The residue was purified by 
5 colunm chromatogrsq>hy (silica gel, ethyl acetate/hexane) to yield the title 

compound as a pale yellow solid (6.9 g, 30.3 mmol). ^HNMR (400 MHz, CDCI3) 8 
7.90 (d, IH). 7.42 (m, 6H), 7.07 (t, IH), 7.02 (d, IH), 6.05 (s, 2H), 5.16 (s, 2H). 

e) ethyl 2-(2-benzyloxyphenyI)thiazole-4-carboxylate 
10 To a stirring solution of the compound of Example 1 12(b) (4.0 g, 16.9 

mmol), the compound of Example 72(d) (4.29 g, 18.8 mmol), 
tetrakis(triphenylphosphine)palladium(0) (0,65 g, 0.57 mmol) in dimethoxyethane 
(60 mL) was added cesium fluoride (8.58 g, 56.5 mmol) and the mixture was heated 
at 85 for 16 h. Tetrakis(triphenylphosphme)palladium(0) (0.65 g, 057 mmol) 
15 was added and heating at 85 was continued for 5 h. The mixture was diluted 
with water (60 mL) and extracted with ethyl acetate (2 X 120 mL). The combined 
extracts were washed with saturated aqueous NaHCOs and samrated brine, dried 
(MESO4), filtered and concentrated. The residue was purified by flash 
chromatography on 180 g of 230-400 mesh silica gel, eluting with 15% ethyl acetate 
20 in hexanes, to provide the title compound as a white solid (3.22 g, 56%). MS (ESI): 
340.3 (M+H)+. 

0 2*(2-ben:qrloxyphenyl)thiazol-4-ylcarbonylhydrazide 

Following the procedure of Example 102(d), except substituting ethyl 2-(2- 
25 benzyloxyphenyl)thiazole-4-carboxylate for (lS)-^benzyloxycarbonylamino-l-(4- 
carboethoxythiazol-2-yl)-3•methylbutane, the title compound was prepared as a 
white soUd. MS (ESI): 326.2 (M+H)+ 
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g) N-[2-(2-beiizyloxyphenyl)thiazol-4-ylcarbonyl]-N-[N-(4- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting 2-(2- 
benzyloxyphenyl)thiazole-4-ylcarbonylhydrazide for (2S,rS)-2- 
5 (benzyloxycarbonyl)ainino-N-[ 1 '-(2-hydrazinocarbonylthiazol-4-yl)-3 - 

methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycaibonyl)-L-leucine 
for N-benzyloxycarbonyl-L-Ieucine, the title compound was prepared as a white 
solid MS (ESI): 574.3 (M+H)+ 

10 Examptell? 

Preparation of N'f2-fW-mgtt^Y^N-(4-phgnYlphgny^)a^^nQUbiffl9l-4-ylg^ 

rN-(4>pvridinvlmethoxvcarbonvlVL>leucinvllhvdrd2ide 

a) N-(4-phenylphenyl)-2-methylpropionamide 

To a stirring solution of 4-aminobipbenyl (9.53 g, 56.3 nunol) and 
15 triethylamine (5.70 g, 56.3 nmiol, 7.85 mL) in methylene chloride (60 mL), cooled 
to 0 ^C, was added slowly isobutyryl chloride (6.0 g, 56.3 mmol, 5.90 mL). After 
stining at 0 X for 1 h, the mixture was diluted with methylene chloride (120 mL) 
and washed with IN NaOH and saturated brine, then dreid (MgS04), filtered and 
concentrated. The residue was washed with ether and dried to provide the tide 
20 compound as a pale yellow crystalline solid (9.83 g, 73%). ^HNMR (400 MHz, 
CDayCDsOD) 6 7.58 (d. 2H), 7.50 (m, 4H), 7.40-7.25 (m, 3H), 2.55-2.49 (m, 
IH), 1.18 (d,6H). 

b) N-(4-phenylphcnyl)-N-(2-methyl- 1 -propyl)amine 

25 To a stirring solution of lithium aluminum hydride (58.6 mmol) in THF 

(58.6 mmol), cooled to 0 ^'C, was added slowly over 10 min a solution of the 
compound of Example 73(a) (9.35 g, 39.0 mmol) in THF (170 mL). After the 
addition was complete, the ice bath was removed and the solution was heated at 55 
for 30 min. The mixture was cooled to 0 ''C and water (2.22 mL) was slowly 
30 added, followed by 15% aqueous NaOH (2.22 mL) and water (6.67 mL). The 
precipitate was removed by filtration and washed with ether 4 times. The filtrate 
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was evaporated to dryness to proveide the title compound as a pale yellow solid 
(8.34 97%). MS (ESI): 226.2 (M+H)+ 

c) N-(4-phenylphenyl)-N-(2-methyl- 1 -propyl)thiouiea 

5 To a stirring solution of thiophosgene (98.9 mg, 2.6 nimol, 198 uL) in 

methylene chloride (6.5 mL), cooled to 0 ^^C, was added dropwise a solution of the 
compound of Example 73(b) (540.7 mg» 2.0 mmol) in methylene chloride (1 mL). 
After stirring for 2 h. ammonia-satruated methanol (20 mL) was added and the 
solution was stiued at room temperatur for 2 h. The solution was concentrated and 
10 the residue was partitioned between ethyl acetate and IN HCl. The organic layer 
was washed with IN HCl twice, then with saturated brine, then dried (MgS04). 
filtered and concentrated. The residue was purified by flash chromatography on 10 
g of 230-400 mesh silica gel, eluting with 1:3 ethyl acetate/hexanes, to provide the 
tide compound as a pale yeUow solid (470 mg, 83%). MS (ESI): 285.3 (M+H)+ 

15 

d) ethyl 2-[N-(4-phenylphenyl)-N-(2-methyl- 1 -propyl)amino]thiazole-4- 
carboxylate 

A solution of the compound of Example 1 13(c) (184.6 mg, 0.65 mmol) and 
ethyl bromopyruvate (126.6 mg» 0.65 nmiol. 81.5 uL) in ethanol (2.5 mL) was 

20 heated at reflux fo 5 min, then concentrated. The residue was partitioned between 
ethyl acetate and saturated aqueous NzHCOy The aqueous layer was extracted with 
ethyl acetate and the combined organic layers were washed with saturated brine, 
dried (MgS04), filtered and concentrated. The residue was passed through a plug 
of 230-400 mesh silica gel, eluting with 12% ethyl acetate in hexanes, to provide the 

25 tide compound as a pale yellow oil (230 mg, 93%). MS (ESI): 381.4 (M+H)+ 

e) N-[2-[N-(4-phenylphenyl)-N-(2-methyl- 1 -propyl)amino]thiazol-4* 
ylcarbonyl]hydrazide 

Following the procedure of Example 102(d), except substituting ethyl 2-[N- 

30 (4-phenylphenyl)-N-(2-methyl-l-propyl)aniino]thiazoIe-4-carboxylate for (IS)-l- 
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beiizyloxycarbonylainino-l-(4-carboethoxythia2ol-2-yl)-3-meA^^ the title 
compound was prepared as a white solid. MS (ESI): 367.3 (M+H)'*'. 

f) N-[2-[N-inethyl-N-(4-phcnylphciiyl)aiiunoJtWazol-4-yl^ 
S pyridiiiylniethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Exan^le 103(d), except substituting N-[2-[N-(4- 
phenylphenyl)-N-(2-methyl-l-propyl)amino]thiazol-4-ylcarbonylihydrazidefor 
(2S, rS)-2-(benzyloxycarbonyl)amino-N-[ r-(2-hydrazinocarbonylihiazol-4-yl)-3'- 
methylbutyl]-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 
10 for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 
solid. MS (ESI): 615.3 (M+H)+ 

Preparation of N-fN-ben2vloxvcarfaonvl-I^leucinvlVN'42-f4-phenvlbenzvl)thi^ 
IS 4-vlcarbonvnhvdrazide 

a) N-[2-(4-phenylbenzyI)thiazol-4-ylcaibonyl]bydrazide 

Following the procedure of Example lQ2(a)- 102(d), except substituting 4- 
biphenylacetic acid for N-benzyloxycarbonyl-L-leucine in step (a), the title 
compound was prepared as a white solid. MS (ESI): 310.3 (M+H)"**. 

20 

b) N-(N-ben^loxycarbonyl-L-leucinyl)-N-[2-(4-pheriylbcnzyl)thiazol-4- 
ylcarbonyljhydrazide 

Following the procedure of Example 103(dX except substituting N-[2-(4- 
phenyIben2yl)thiazoM-ylcarbonyl]hydrazide for (2S,rS)-2- 
25 (benzyloxycarbonyl)amino-N-[ r-(2-hydrazinocarbonylthiazol-4-yl)-3 - 

methylbutyl]-4-methylpentanamide, the title compound was prepared as a white 
solid (20 mg, 0.035 mmol). MS (ESI): 557.4 (M+H)+. 
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PrCPWation of N-f?,-r4-DhenvlDhenvlhenzvi>thia7i.l^ vlcafhniivl]-y^'-pj-(4. 
pvridinvlmethftTyffaffaonvlVL-leu cinvl1hvdra7irtft 
Following the procedure of Example 103(d). except substituting N-[2-(4- 
phenylbenzyl)thiazol-4-ylcaibonyl]hydnzide for (2S,rS)-2- 
(benzyloxycaibonyl)amino-N-[lX2-hydrazinocaib(myltliiazol-4-yl)-3'- 
inethylbutyl]-4-inethylpentananiide, and N-{4-pyridinylmetlioxycaibonyl)-L-Ieucine 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a yeUow 
solid (30 mg, 0.053 mmol). MS (ESI): 558.2 (M+H)+ 

Example 116 

Preparation of N-fN-henTvloxvcarhonvl.T ^leucinvl^.N'-r:> - fN-f 2-methvlpmpyn.M- 
Dhenvlaminolthiazolwt-vlcarho nvnhvdrayide 

a) N-[2-(N-phenyl-N-(2-methyl-l -propyl)amino]thiazo]-4- 
ylcarbonyljhydrazide 

Following the procedure of Example 1 13(a)-l 13(e), except substituting 
aniline for 4-aminobiphenyl in step (a), the title compound was prepared as an 
orang-pink soUd (276 mg. 0.950 mmol). MS (ESI): 291.3 (M+H)+. 

b) N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-tN-(2-mcthylpropyl)-N- 
phenylamino]tl]iazol-4-ylcaibonyl]hydiazide 

Following the procedure of Example 103(d), except substituting ) N-[2-[N- 
phenyl-N-(2-methyl-l-propyl)amino]thiazol-4-ylcarbonyl]bydrazide for (2S,rS)-2- 
(benzyloxycaibonyl)amino-N-[l'-(2-bydrazinocaibonylthiazo]-4-yl)-3'- 
metbylbuQrl]-4-methylpentanamide. the title compound was prepared as a white 
solid (92 mg, 0.171 mmol). MS (ESI): 560.3 (M+Na)+ 
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Example 117 

Preparation of N-r2.rN-f2-methvlpropvlVN-Dhenvlainino1thiazol-4-vlcarbonvn-N'- 
fN-f4-pvridinylinethoxvcaihonvlVI^leucinvnhvdfayide 
Following the procedure oiExaxaple 1 13(a)- 1 13(f), except substituting 
5 aniline for 4-aiiiinobiphenyl in step (a), the title compound was prepared as a yellow 
solid (50 mg. 0.092 nunol). MS (ESI): 539.4 (M+H)+ 



Preparation of N-f2-r2-ben2vloxvphenvnthia2ol-4.vlcarbonvll.N'.rN-f3- 
10 pvridinvlmethoxvcaffaonvn-L-leucinvnhvdrazide 

Following the procedure of Example 1 12(a)- 112(g), except substituting N- 
(3-pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 
leucine in step (g), the title compound was prepared as a white solid (93.8 nqg, 
53%). MS (ESI): 574.3 (M+H)+ 

15 

Example 119 

Preparation of N-r2-f 2.hen2vloxvphenvnthiaml-4.vlcarbonvll-N'-rN.f 2- 
pvridinvlmethoxvcaAonvlV.L.leucinvnhvdrazide 
Following the procedure of Exan^tle 1 12(a)- 1 12(g), except substituting N- 
20 (2-pyridinylniethoxycaibonyl)-L-leucine for N-(4-pyridinyhiiethoxycarbonyl)-L- 
leucine in step (g), the title conqraund was prepared as a white solid (149.7 mg, 
85%). MS (ESI): 574.4 (M+H)+. 



Examplg 120 

25 Preparation of N-m-benzvloxvcaifaonvl-N-methvl-L-leucinvIVN'-r2-r2- 

benzvloxvphenvnthiazol-4-vlcarbonvl1hvdrazide 
Following the procedure of Example 1 12(a)-l 12(g), except substituting N- 
benzyloxycarbonyl-N-methyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 
leucine in step (g), the title compound was prepared as a white solid (153.5 mg, 
30 85%). MS (ESI): 609.3 (M+H)+ 
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PTPPMationPfW-r^fN-fZ-mefllYllOTPYn-N-phenvlaminoldii^ 

fN-f2-PVridinvlinf!fhoxvcarfaonvlVT^Ieucinvnhyrtra«iA. 
Following the procedure of Example 1 13(a)-l 13(f). except substituting 
5 aniline for 4-aminobipbenyl in step (a) and N-(2*i^dinylmetboxycaibonyl)-L- 
leudne for N-(4-pyridinylmetboxycarbonyl)-L-leucine in step (f), the title 
conqwund was prepared as a white soUd (40 mg). MS (ESI): 539.4 (M+H)+ 

Example 12? 

10 ftTOffirt i on of N-r2-rN-(2-mcthvlproDvn-N.Dhenvlaininn1thia z ol^vlcarhonvll.N'- 
fN-f3-PvridinvlmethnxvcaAonvn-T^l eucinvllhvdia7.idi» 
Following the procedure of Example 1 13(a)- 1 13(f), except substituting 
aniline for 4-aminobiphenyl in step (a) and N-(3-pyridinylmethoxycart)onyl)-L- 
leucine for N-(4-pyridinylinethoxycarbonyl)-L-leucinc in step (f), the title 
15 compound was prepared as a white soUd (42 mg). MS (ESI): 539.4 (M+H)+ 

Example 123 

Preparation of N-r2-f2-inethoxvphenvnthia» il^vlcart>onvn-N'.rN-rA- 
PVlidinvlmethoxvcaihonvlVT..toueinvnhvdrarirf«> 
20 a) 2-trimethylstannylanisole 

To a stirring solution of n-BuLi (2.6 mL. 2.5M in hexane. 6.42 mmol) in 
diethyl ether (2.5 mL) at -78C was added 2-bromoanisole (1.0 g, 5.35 mmol) in 
diethyl ether (2 mL) dropwise. After stirring for Ih at -78C, trimethyltin chloride 
(6.4 mL, l.OM in THF, 6.42 mmol) was added dropwise. The mixture was allowed 
25 to stir an additional 2h while slowly wanning to room temperature. The mixture 
was then washed with sanirated aqueous NaHCOs. The aqueous layer was 
extracted with diethyl ether (1 X 50mL) and the organic layers were combined, 
dried (MgS04). filtered and concentrated. The residue was purified by column 
chromatography (silica gel, hexane) to yield the title compound as a colorless oil 
30 (1. 1 1 g. 76%). iHNMR (400MHz, CDCI3) 6 7.47 (d. IH). 7.40 (t, IH). 7.05 (t, 
IH). 6.90 (d, IH). 3.36 (s, 3H), 0.34 (s. 9H). 
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b) ethyl 2-(2-methoxyphenyl)thiazole-4-carboxylate 

A mixture of the compound of Example 1 12(b) (0.2S0 g, L06 mmol), the 
compound of Example 83(a) (0.287 1.06 nmiol), and 
5 tetrakis(triphenylphosphine)palladium(0) (0.037 g, 0.03 18 mmol) in toluene (2 mL) 
was stirred at reflux for 16h. The mixture was diluted with ethyl acetate and washed 
with water and brine. The organic layer was dried (MgS04), fUtered and 
concentrated. The residue was purified by column chromatography (silica gel, ethyl 
acetate/bexane) to yield the title compound as a white solid (0.081 g, 29%). 
10 iHNMR (400MH2, CDCI3) 5 8.54 (d, IH), 8.22 (s, IH). 7.45 (t, IH), 7.1 1 (t, IH). 
7.05 (d, IH), 4.48 (q. 2H), 4.04 (s. 3H). 1.46 (t. 3H). 

c) N-[2-(2-methoxyphenyl)thia2ol-4-ylcarbonyll-N-[N-(4- 
pyridinylmethoxycaibonyl)-L-leucinyl]hydrazide 

15 Following the procedure of Example 1 12(f)- 1 12(g), except substituting ethyl 

2-(2-niethoxyphenyl)thiazole-4-carboxylate for ethyl 2-(2- 
benzyloxyphenyl)thiazole-4-caiboxylate in step (f), the title compound was prepared 
as a white solid. MS (ESI): 498.3 QA-^H)^. 

20 The above description fully discloses how to make and use the compounds 

of the present invention. However, the present invention is not limited to the 
particular embodiments described hereinabove, but includes all modifications 
thereof within the scope of the following claims. The various references to journals, 
patents and other publications which are cited herein comprise the state of the art 

25 and are incorporated herein by reference as though fully set forth. 
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Example 124 

Pftparation of f2SJ'SVN-rr-f4-caffaoethoxvthia2o1.2-vl V3'-m^^ 
2-f2-DhenvlbenzvloxvcailiQnvlWoopentanainide 

5 a) (2S. rS)-2-(teit-butoxycaibonyl)ammo-N-riX4H:arboethoxytU 
methylbutyl]-4-inethylpentaiiainide 

The compound of Example 8(c)(1.2 g, 3.5 mmol) was stined at room 
tcmpciaturc in neat TFA (2.96 g. 26.0 mmol) for 15 min. The solution was the 
concentrated in vacuo and redissolved in DMF (25 mL). To the stirring solution 

10 was added triethylamine (0.779 g, 7.7 mmol). BOC-Lcu-OH (0.972 g, 3.9 mmol). 
l-hydroxybenzotriazole (0,095 g, 0,7 nunol), and l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (0.750 g, 3.9 mmol). After stirring at room 
temperature for 16 hours, the solution was diluted with ethyl actate and washed 
successively with water (2 X 100 mL). NaHC03. and brine. The organic layer was 

15 dried (MgS04), filtered and concentrated. The residue was purified by column 
chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 
white solid (1.15 g, 72%). MS(ESI): 456.2 (M+H)+ 

b) (2S, 1 S)-N-[ 1 '-(4-carboedioxythiazol-2-yl)-3'-methylbutyl]-4-methy l-2-(2- 

20 phenylbenzyloxycaibonyl)aminopentanamide 

To a stirring solution of phosgene (1.5 mL. 2.9 mmol. 1.93M in toluene) at 
O^'C was added 2-biphenylmethanol (0.486 g. 2.64 mmol) and 
diisopropylethylamine (0.375 g. 2.9 mmol). The solution was aUowed to stir at 0*C 
for 30 min. In a separate reaction vessel, after stirring at room temperature for 10 

25 min, the compound of Example 1 24(a) (0. 150 g. 0.330 nunol) dissolved in TFA (2.0 
mL) was concentrated and redissolved in DMF (3 mL). This solution was added to 
the 2-biphenyhnethanoI solution followed by diisopropylethylamine (0.213 g. 1.65 
mmol). After stirring at room temperature for Ih, the solution was diluted with 
ethyl acetate and washed successively with water and brine. The organic layer was 

30 dried (MgS04). filtered and concentrated. The residue was purified by column 
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cbromatogr^hy (silica gel, ethyl acetaie/hexane) to yield the title conqwund as a 
white soUd (0.138 g, 74%). MS(ESI): S66.3 (M+H)-^. 

Example 125 

5 Preparation of f2S. l'SV2.fr2.benzynbeiizvlo»vcaAonvmamino-N.riUA. 
carhnethoxvthia2ol.2.vlV3'.methvlbutvn-4-methvlDentanainide 

Following the procedure of Example 124(b), except substituting 2- 
benzylbenzyl alcohol for 2-biphenylmethanol, the title coiiq)ound was prepared as a 
10 white solid (0. 123 g, 64%). MS(ESI): 580.0 (M+H)+ 

Preparation of f2S. l'SVN-rr-f4-carboethoxvthiazol-2-vn-3'.niethvlbutvl1^ 
methvl-2-f(2-naphthvlmethoxvcaTfaonvniaminopentanamide 
15 Following the procedure of Example 124(b), except substituting 2- 

n^hthalenemethanol for 2-biphenylniethanol, the title compound was prepared as a 
white soUd (0.132 g, 74%). MS(ESI): 540.1 (M-t-H)-^. 

Example 127 

20 Preparation of f2S. fSV.N-fl'-f4-caifaoethoxvthiazol-2-vn-3'-methvlbutvll-4- 
methvl-2-fr3-DhenoxvbenzvloxvcaTfaonvniaminopentanamide 

Following the procedure of Exanqile 124(b), except substituting 3- 
phenoxybenzyl alcohol for biphenylmethanol, the title compound was ^epared as a 
white soUd (0.107 g, 56%). MS(ESD: 581.9 (M-i-H)-^. 
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EwunptelZg 

Prgparatign of f 2S. I VS Va-fbenzvloxvcaibonvnaniino-N-r 1 '-^-(7. 
bg|«Ylgumidinvnthiazol-4-vn-3^methvlbntvn-4- methvlpem 

a) S-metbyl dithiobiuiet faydroiodide salt 

5 To a stirring solution of ditbiobiuret (5.0 g, 37 mmol) in THF (75 mL) was 

added iodomethane (13.1 g. 92.5 mmol. 5.76 ml). After stirring at room 
temperature for 22 h, the solution was diluted with 150 mL of toluene and allowed 
to stand at 0 'C for 3 h. The ciystals were collected by filtration and washed with 
cold 2: 1 tduene/THF. then dried in vacuo to give the title compound as a white 
10 solid (8.7 g. 85%). MS(ESI): 149.9 (M+H)+ 

b) 3-benzylguanidinyl thiourea 

The compound of Example 128(b) (4.35 g, 15.7 mmol) was dissolved in 
isopropanol (80 mL) and benzylaminc (1.77 g, 16.5 mmol, 1.8 mL) was added and 
15 the mixture was heated at reflux for 16 h. The hot solution was filtered and the 
fUu^e was cooled to 0 "C. After 5 h, the soUd was collected by filtration and 
washed twice with cold iospropanol, then dried in vacuo to provide the title 
compound as a white soUd (2.59 g, 61%). MS(ESI): 209.2 (M+H)+. 

20 c) (2S,rS)-2-(bcnzyloxycarbonyl)amino-N-[l'-[2-(2-benzylguanidinyl)thiazol-4- 
yl]-3'-methyIbutyl]-4-methylpentanamide 

Following the procedure of Example (b), except substituting 3- 
benzylguanidinyl thiourea for eOsy] diiooxamate. the title compound was prepared 
as a white soUd (102 mg, 79%). MS(ESI): 565.1 (M+H)+. 
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Example IZ9 

Preparation of nSVN-r4-ri>fl^-beiizvloxvcarbonvlaminoV3-methvlbutvllthi^^^ 
vlcarfaonvll-N-methvl-N^fl^-benzyloxvcaffaonvl-L-leucm^^ 

Following the procedure of Example 26(a)-26(d), except substituting methyl 
S hydrazine for hydrazine in step (c), the title compound was prepared as a white 
solid. MS(ESI): 624.1 (M+H)+ 



Preparation of riSVN-f4-ri-fN-benzyloxvcarbonvlanunoV3-methvibutvnthiazol-2- 
10 vlcarbonvll-N^-fN-benzvloxvcarbonvl-L-leucinvlVN-methvlhvdrazidc 

a)N-(N-benzyloxycarbonyl-L-ieucinyl)-N-methylhydrazide 

Following the procedure of Example 26(c)* except substituting N- 
benzyloxycaibonyl-L-leucine methyl ester for (lS)-Nbenzyloxycarbonylamino-l- 
IS (2-caiboethoxythiazol-4-yI)-3-methylbutane and methyl hydrazine for hydrazine, 
the title compound was prepared. 



b) (lS)-l-4)enzyloxycarbonylamino-l-(2-carboxythiazol-4-yl)-3-methylbutane 

The compound of Example 26(c)(0.S7 g., L5 mmol) was dissolved in 
20 tetrahydrofuran and treated with an excess of l.ON sodium hydroxide. The mixture 
was allowed to stir for 4 hours, and was quenched with l.ON citric acid. The 
solvent was evaporated and the aqueous layer extracted three times with 
dichloromethane. The organic layers were combined and evaporated to give the 
acid as a white foam (0.55 g, 100%). 

25 

c) ( 1 S)-N-[4-[ 1 -(N-benzyloxycarbonylamino)-3-methylbutyl]thiazol-2-ylcarbonyl]- 
N'-(N-benzyloxycarbonyl-Heucinyl)-N'-methylhydrazide 

Following the procedure of Example 28(e), except substituting N-(N- 
benzyloxycarbonyl-L-leucinyl)-N-methylhydrazide for (IS)-l- 
30 (benzyloxycarbonyl)amino- 1 -(4-carboethoxythiazol-2-yl)-3-methylbutane and ( 1 S)- 
l-benzyloxycarbonylaniino-l-(2-carboxythiazol-4-yl)-3*methylbutane for N- 



157 



wo 97/16433 



PCT/U596/18000 



benzyloxycaibonyl-L-leucine, the title compound was prepared as a white solid. 
MS(ESD: 624.2 (M+H)+ 

Example 131 

^ Preparation of N-m-hcnrvloxvcarbonvl-L-leucinvl^-N'-n ^ -henrylftYyg ayt^nYl-T r 
leucinvn-L.alanvlhY4r^y;^rif 

Following the procedure of Example 27(a>27(c), except substituting L- 
alanine methyl ester for L-leucine methyl ester in step (a), the title compound was 
prepared as a white solid (225 mg, 42%). MS(ESI): 598. 1 (M+H)+. 

10 

Example 132 

Preparation of N-fN-hcnzvloxvcarfaonvl-L-leucinvl VN'-fN-hftnTvloxvcarhnnYl-I - 
leucinvnplvcinyl hvdrazide 

Following the procedure of Example 27(a)-27(c), except substimting glycine 
15 methyl ester for L-leucine methyl ester in step (a), the title compound was prepared 
as a white solid (307 mg, 42%). MS(ESI): 584. 1 (M+H)+ 

Example 133 

Preparation of f lSVN-f2-fl-W-ben2vloxvcarlxinvlaminoV3-fnethvl hutvn-l,3.4- 
20 triawl-5-Vlcarhonvn-N'-m-henzvloxvcaihnn vl-I^leucinvlWiY dniTi«^f 
a) ethyl oxalamidrazcmate 

To a solution of ethyl thiooxamate (3.0 g, 22.6 mmol) in ethanol (50 mL) 
was added hydrazine hydrate ( 1.13 g, 22.6 mmol, 1.09 mL). The mixture was 
allowed to stir for 3 hours at room temperature, while venting through a scrubber of 
25 concentrated sodium hydroxide solution. The solution was allowed to stand for 16 
hours and die ethanol was evtq>orated The residue was boiled in 30% 
dichloromethane in petroleum ether, filtered, and recrystallized to give the desired 
compound as a tan solid. (0.264 g, 9%). 
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b) ( IS)- 1 -benzyloxycarbonylamino-l-(2-caiboethoxy-l,3,4-triazoI-S-yl)-3- 
methylbutane 

N-benzyloxycaibonyl-L-leucine (0.S3S g, 2.0 mmol) was stirred in THF at - 
S ""C. Ethyl chloioformate (0.23 mL, 2A mmol) and trietfaylamine (0.25 g, 2.4 
5 mmol, 0.34 mL) were added. The compound of Example l(Ka) (0.264 g, 2.0 mmol) 
was then added and the mixture was allowed to stir at room temperature overnight. 
The solvents were evaporated and the residue was dissolved in xylenes and heated to 
200 using a Dean-Stark apparatus. The heating was stopped after 4 hours and 
the solution was evaporated to a residue which was chromatographed (silica gel, 
10 40% ethyl acetate in hexane) to give the title compound as a white solid (0.498 g, 
69%). 1h NMR (400 MHz. CDCI3) 5 7.20 (m, 5H) , 5.71 ( d , IH) » 5.04 ( s , 2H) , 
4.99(dd.lH).4.36(q.2H),1.8(m,2H),1.59(m. IH), L31(t.3H),0.83( 
dd,6H). 

15 c) (IS)- l-benzyloxycarbonylamino-l-(2-hydrazinocaibonyl- 13»4-triazol-5-yl)-3- 
methylbutane 

Following the procedure of Example 26(c)*26(d), except substituting (IS)-l- 
benzyloxycaibonylamino-l-(2-carboethoxy-13*4-triazol-5-yI)-3-methylbutanefor 
(lS)-l-benzyloxycarbonylamino-H2<arboethoxythiazol-4-yl)-3-niethylbuta^ in 
20 step (c), die tide compound was prepared. MS (ESI): 594.5 (M+H)+. 

gxaipple 134 

Preparation of nSVN-n^i-acctvl-L-leucinvn-N'-r2-f 1-fN-benzvloxvcarbonvlaminoV 
B-methvlbutvnthiazoM-vlcaibonvllhvdrazide 
25 Following the procedure of Example 28(a)-28(e), except substituting N- 

acetyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e), the title compound 
was prepared as a white solid (95 mg, 67%). MS(ESI): 518.0 (M+H)"**. 
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Example 135 

Preparation of nSV-N-rN.henrvloxvcariionvl- L-alanvlVN'-r2.ri-rN- 
benzvlaxvcaifaonvlaminoV3.methvlbuM1thia2ol-4-vlcarfim 

Following the procedure of Example 28(a)-28(e), excq)t substituting N- 
5 ben^loxycaibonyl-L-ahnine for N-benzyloxycarbonyl-L-leucine in step (e), the 
title compound was prepared as a white solid (129 mg, 82%). MS(ESI): 568.1 
(M+H)+ 

Example 136 

10 IYCP««iQn0fflS)-N-n^-acf.tvl-L-alanvn-N'-f2-ri-nSI-henzvlo»v c afto 
methYlbutvllthia7x>l-4-vlcarbonvl1hvrirazidp. 

Following the procedure of Example 28(a)-28(e), except substituting N- 
acetyl-L-alanine for N-benzyloxycaibonyl-L-leucine in step (e), the title compound 
was prepared as a white solid (74 mg, 57%). MS(ESI): 498.1 (M+Na)+. 

15 

Example 137 

Preparation of f lSVN.(N.acetvn-N'-r ?..fl-m-hen7vloxvcaihonvlaniiiioV^. 
methvlbutvnthia20l-4-vlcartionvllhvdrayide 

Following the procedure of Exan^le 28(a)-28(e), except substituting acetic 
20 acid for N-benzyloxycaibonyl-L-leucine in stq> (e), the title compound was 
prqpared as a white solid (87 mg, 78%). MS(ESI): 405.1 (M+H)+. 

Example 138 

aecaatjon of f lSVN-r2-ri-rN-henCTloxvcafhonvliiminoV3-ineth vlbutvnthia7nl^ 
25 YlcarbQnvll-N'-rN-f4-PVridinvlmethoxvcaibonvlVI^Ieucinvnhvrf«»»iri.. 

Following the procedure of Exanq)le 28(a)-28(e). except substituting N-(4- 
pyridinybnethoxycarbonyl)-L-leucine for N-benzyloxycaibonyl-L-leucine in step 
(e), the title compound was prepared as a white solid (121 mg, 72%). MS(ESI): 
611.0(M+H)+ 
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Example 139 

Preparation of f lSVN-r2-ri-n^-benzvloxvcarbonvlaininoV3-methvlbutvllthiazol-4- 
vlcarixmvll- N'-fN-f2-pvridinvlmethoxvcaifaonvlVL-leucinvllhvdra2ide 

Following the proceihire of Exaiiq>le 28(a)-28(e), except substituting N-(2- 
5 pyridinylmetfaoxycaibonyO-L-leucine for N-benzyloxycaibonyl-L-leudne in step 
(e). the title conqpound was prepared as a white solid (125 mg, 65%). MS (ESI): 
611.2(M+H)+ 

10 Preparation of f lSVN-r2-f l-fN-benzvloxvcarbonvlaminoVS-methvlbutvnthiazoM- 
ylcariionvll- N'-fN-benzvloxvcarbonvl-N-methvl-L-leucinvnhvdrazide 

Following the procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycaibonyl-N-methyl-L-leucine for N-benzyioxycaibonyl-L-leucine in step 
(e), the title compound was prepared as a white solid (78 mg, 50%). MS (ESI): 

15 624.3 (M+H)+. 

EMinpk 141 

Prepararion of nSVN-r2-fl-rN-benzvloxvcarfaonvl-N-methylflminnV3- 
mfftllYlfrntYl]fhn7.Pl-4-vlcariionvll-N'-rN-f4-pvridinvlmethoxvcart>onvn-L- 

20 tewcinyllhydraafe 

Following the procedure of Example 28(a)-28(e), except substituting N- 
beniyloxycarboi^l-N-methyl-L-leucine for N-iserr-butoxycaibonyl-L-leucine in step 
(a) and N-(2-pyridinylmetboxycaibonyl)>L-leucine for N-benzyloxycarbonyl-L- 
leudne in step (e), the title c(xi^und was prepared as a white solid (120 mg, 72%). 

25 MS (ESI): 625.3 (M+H)+ 
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EMmpk 142 

Preparation of fl'S)-N-fN-bemvloxvcartionvl-L-leiicinv n.N'.r2.n^. 
benzviQXVCaibonvl-N»methvlaminoV3-methvlhuMTthia»>l-< UvlcarhrmY^ ]f|y^ 
Following the procedure of Example 28(a)-28(e), except substituting N- 
5 benzyloxycarbonyl-N-mediyl-L-leucine f<x N-tf rr-butoxycarbonyl-L-leucine in step 
(a), the title compound was prepared as a white solid (95 mg, 74%). MS (ESI): 
624.3 (M+H)+ 

Example 14^ 

10 Preparation of f lS)-N-f2-f l -f N-henzvloxvcarl>nn v|.N-niethvlaminn^-^- 

mertlYlb»tvnthiaZ0l-4-vllcarfaonvl- N'-(N-benzvloYvr artionvl-N-mrthyl.f ^ 
leucinvnhvdrazidp. 

Following the procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycaibonyl-N-methyl-L-lcucine for N-terf-butoxycarbonyl-L-leucine in step 
15 (a) and N-benzyloxycarbonyl-N-methyl-L-leucine for N-benzyloxycartxmyl-L- 
leucine in step (e), die tide confound was prepared as a white solid (129 mg, 59%). 
MS (ESI): 683.3 (M+H)+ 

Example \dA 

20 Preparation of flS)-N42-ri-m.methvlaminnVVmetfivllMitvnthia» o l^vte^ 
N'-fN-(4-Dvridinvliiiarhoxvia»rfvinvlW^leucinvllhvrifa»iH^ 

a)(lS)-N-[2-[l-(N-tert-butoxycarbonyl-N-nietbylaniino)-3-ni£diylbutyl]diiazol<4- 
ylcarbonyl]-N'-[NK4-pyridinylmethoxycarbonyl>L-leucinyl]hydrazide 

Following the procedure of Example 28(a)-28(e). except substituting N~ 
25 rerr-butoxycaibonyl-N-metiiyl-L-leucine for N-rerr-butoxycaibonyl-L-leucine in 
step (a) and N-(4-pyridinylmetfioxycarbonyl-L-leucine for N-benzyloxycaibonyl-L- 
leudne in step (e), the tide compound was prepared as a white solid. MS (ESI): 
591.4 (M+H)+. 
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b)(lS)-N-[2-(l-(N-inethylainino)-3-methylbutyl]thiazol-4-yIcaibonyl]-N'-[^ 
pyridinylinethoxycaibonyl)-L-leucinyl]hydrazide 

To a solution of the compound of Example 21(a) in methylene chloride (10 
mL) was added trifluoioacetic acid (3 mL). After stiiring one hour at room 
S lenqwrature the solution was concentrated and the residue was redissolved in 
methylene chloride, washed with saturated aqueous sodium bicarbonate, dried over 
MgS04 and concentrated to afford the title compound as a white solid (259 mg, 
68% for two steps). MS (ESI): 491.4 (M+H)+ 

10 Exampk 145 

Preparation of flSVN-r2-f l-rN-be nzvloxvca^bonvlaminoV3-methvlbutvl]thiazol-4- 
vlca^faonvn-N '-^N-ffglt-butoxvca^faonvn-L-leucinvllhvd^azide 

Following the procedure of Example 28(a)-28(e), except substituting N-tert- 
butoxycarbonyl-L-leucine for N-benzyloxycarbonyl-L-Ieucine in step (e), the title 
IS conqmund was prepared as a white solid (293 mg, 74%). MS (ESI): 576.4 
(M+H)+. 

Example 146 

Preparation of f lSVN-r2-ri-fN-be nzvloxvcaibonvlaminoV3-inethvlbutvllthia2ol-4- 
20 vleaifaonvn-N'-fN-fterr-butn xvgathnnvn-N-methvl-L-leiicinvllhvdrazide 

Following the procedure of Exanq>le 28(a>28(e), except substituting H-tert- 
butoxycarbooyl-N-methyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e), 
the title compound was prepared as a white solid (120 mg, 87%). MS (ESI): 590.3 
(M+H)+ 
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Preparation of f IS)-N-r2-ri-fN-benzvioxvcarbonvlaminoV3-met hvlbutvnthia7^l-4- 
vlcarbonvn-N'-fN-methvl-L.l«sucinvnhvdrayttte 

Following the procedure of Example 144(b), except substituting (lS)-N-[2- 
5 [l-(N-benzyloxycaibonylamino)-3-niethylbutyl]thiazol-4-ylcaibonyl]-N'-[N-(i»rr^ 
butoxycaibonyl)-N-methyl-L-leucinyl]hydtazide for (lS)-N-[2-[l-(N-tert- 
butoxycarbonyl>N-niethylanuno)-3-methyibutyl]thiazol-4-ylcaibonyl]-N'-[N-(4- 
pyridiiqrlnietlioxycarbonyl)-L-leucinyl]hydrazide, the title conqwund was prepared 
as a white solid (40 mg, 80%). MS (ESI): 490.3 (M+H)+ 

10 

Example 148 

PreparaUonofflS)-N-r2-ri-fN.benzvloxvcafbonvlafninoV3-methVlhutvnrhiaTnl^ 
vlcarfaonvll.N'.fL.leucinvnhvdrflwH«. 

Following the procedure of Example 144(b), except substituting (lS)-N-[2- 
15 [ l-(N-benzyloxycarbonylaniino)-3-mcthylbutyl]thiazol-4-ylcarbonylJ-N'-(N-(f«n- 
butoxycarbonyl)-L-leucinyl]hydrazide for (lS)-N-[2-[l-(N-tert-butoxycarbonyl-N- 
methy]a^uno)-3-methylbutyl]thiazoI-4-ylcaIbonyl]-N'-[N-(4- 
pyridinylmetboxycaibonyl)-L-leucinyl]hydrazide, the title conqwund was prepared 
as a white soUd (39 mg. 100%). MS (ESI): 476.4 (M+H)+ 

20 

Example 149 

Preparation of (lSVN-r2-ri-fN-benzvloxvcaifaonvlami noV3.methvlhutvllthia2ol^ 
vlcarbonvll-N'-fN-f4-imidazolvlacetvn-L-leucinvnhvdni^icle 

Following the procedure of Example 28(e), except substituting (lS)-N-[2-[l- 
25 (N-ben^loxycaibonylanuno)-3-metbylbutyl]thiazol-4-ylcaibonyl]-N'-(L- 

leucinyl)hydnizide for (lS)-l-(ben^loxycarbonyl)amino-l-(4-carboethoxythiazol- 
2-yl)-3-methylbutane and 4-imidazoleacetic acid for N-benzyloxycarbonyl-L- 
leucine, the title compound was prepared as a white solid (50 mg, 47%). MS (ESI): 
584.4 (M+H)+ 

30 



164 



wo 97/16433 



PCTAJS96/18000 



Preparation of riSVN-r2>ri>rN>benzvlQxvcarbonvUN-methv1aminn^-^- 
medivlbutvllthiazol-4>vlcaifaonvl1-N^rN>f3-Dvridinvlmethoxvc 

L-lewcinyl1hy<>faa4e 

5 a) N-methyl-L-leucine methyl ester 

N-methyl-L-leucine (1.3 g, 8.9S mmol) was dissolved in 4M HCl, 1,4- 
dioxane (10 mL) and methanol (10 mL). The solution was stirred overnight at room 
temperature, then concentrated to afford the title compound as a white solid (100%). 
MS (ESI): 160.0 (M+H)+ 

10 

b) N-methyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine methyl ester 

To a stirring solution of phosgene in toluene (5,63 mL, 6.025 mmol) in 
methylene chloride (10 mL), cooled to 0^, was added dropwise a solution of 
methyl-L*leucine methyl ester (673 mg, 4.63 mmol) and pyridine (1.10 g, 0.97 mL, 

15 13.89 mmol) in methylene chloride (4 mL). The solution was stirred at (X^C for 2 
hours. A solution of 3-pyridyl carbinol (0.56 g, 5.09 nunol, 0.49 mL) was then 
added and the reaction mixture was stirred at room tenq)erature for 5 hours. The 
solution was concentrated, redissolved in ethyl acetate, washed with water, dried 
(MgS04), filtered and concentrated. The crude residue was purified by column 

20 chromatogr^hy on silica gel (6% methanol in methylene chloride) to afford the title 
compound as a yeUow oil (88 mg, 7%). MS (ESI): 295.4 (M-t-H)-*-. 

c) N-methyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 130(b), except substituting N-methyl- 
25 N-(3-pyridinylmethoxycarbonyl)-L-leucine methyl ester ( 1 S)- 1 - 

benzyloxycarbonylanuno- 1 -(2-hydrazinocarbonylthiazol-4-yI)-3-methylbutane, the 
title compound was prepared as an orange solid (84 mg, 100%). MS (ESI): 281.3 
(M+H)+ 
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d) (lS)-N-[2-[ l-(N-beiizyloxycarbonyl-N-methylainino)-3-methylbutyl]thiazol-4- 
ylcarbonyl]-N'-[N-(3-pyridinylmctlK)xycarbonyl)-N-nicthyl-I^leucinylJ^^ 

Fbllowiog the procedure of Example 28(a)-28(e), except substituting N- 
ben^loxycaibonyl-N-mediyl-L-leucine for N-rm-butoxycarbonyl-L-leucine in step 
5 (a) and N-methyl-N-(3-pyridinylmetfaoxycaibonyl)-L-Ieucine for N- 

ben^loxycaibonyl-L-leucine in step (e), the title compound was prepared as a white 
soUd (55 mg, 38%). MS (ESI): 639.4 (M+H)+ 

Example 151 

10 PreparaUon of riS)-N-r2-ri-rN-benzvloxvcar bonvl-N-inethvlamin p)-^- 

mgthYlbWtY]1UliyX)l-4-Yk^nvll-N-rN-n-Dvridinvlni«>fhn x vcarfinnylVT. 
leucinvllhvdrayirift 

Following the procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycarbonyl-N-methyl-L-leucine for N-/m-butoxycarbonyl-L-leucine in step 
15 (a) and N-(3-pyridinylniethoxycaibonyl)-L-leucine for N-benzyloxycarb<HiyI-L- 
leucine in step (e), the title compound was prepared as a white solid (31 mg, 34%). 
MS (ESI): 625.4 (M+H)+ 

Example 152 

20 PrePWal i on of f ISVN-r2-n-fN-benzvloxvcart>onvlflininnV^n i ethvlhutvl1thi azol-4- 
Yteaybonvn- N'-fN-f3-imidinvlmethoxvcariionvn-l -leiicinvnhvHraTj t^ f 

Following the i»ocedure of Exanqrie 28(a)-28(e), except substituting N-(3- 
pyiidinyhnethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine in step 
(c), the title compound was prepared as a white solid (63 mg, 42%). MS (ESI): 

25 611.5(M+H)+ 
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Example i53 

Preparation of f rSVN-fN-henzvloxvcarbonvl-L-leucinvn-N'-n- 
benzvloxvcartenvlVNVf^^l^n^-methvlaminoVa-methvl^^ 
vlcaifaonvll-N'-methvlhydrazide 
5 Following the procedure of Example 28(a)-28(e), except substituting N- 

benzyloxycaiix)nyI-N-niethyI-L-leucine for N-rerr-butoxycarbonyl-L-Ieucine in step 
(a) and methyl hydrazine for hydrazine in step (e), the title compound was prepared 
as a white solid (80 mg, 70%). MS (ESI): 660.4 (M+Na)+ 

10 E?tample lg4 

Preparation of f lS)-N -r2>ri-nsJ-benzvloxvcarfaonvlaminoV3-methvlbutvl]thiazol^ 
vlcarfaonvlV N'-rN-r2-pvridinvhnethoxvcarfaonvlVN-methvl-L4cucinvnhvdra2i 
a) N-methyl-N-(2-pyridinylmethoxycarbonyl)-L-leucine methyl ester 

N-(2-pyridinylmethoxycarbonyl)-L-leucinc methyl ester (490 mg, 1.75 

IS mmol) was dissolved in THF (7.0 mL) and methyl iodide (0.435 mL, 6.99 nunol) 
was added. The reaction mixture was cooled to QPC in a flask protected from 
moisture. Sodium hydride dispersion (236 mg, 2.62 nunol) was added cautiously 
and the suspension was stirred for 5 hours at room temperature. Ethyl acetate was 
then added, followed by water, dropwise. The solution was concentrated in vacuo, 

20 and the oily residue partitioned between ether and water. The organic layer was 
washed with saturated aqueous NaHC03 and the combined aqueous extracts 
acidified to pH 3 with citric acid. The product was extracted with ethyl acetate, the 
extract was washed with water, 5% aqueous sodium thiosulfate and water, dried 
(MgS04), filtered and concentrated. The crude product was purified by column 

25 chromatography on silca gel (ethyl acetate/ hexane, 3: 1) to give a yellow oil (235 
mg,46%). MS (ESI): 295.4 (M+H)+ 
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b) N-methyI-N-(2-pyridinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 130(bX except substituting N-methyl- 
N-(2-pyridinylniethoxycart>onyl)-L-leucine methyl ester (ISyU 
benzyloxycarbonylamino-l-(2-hydra2inocarbonyIthia2ol-4^^ the 
5 title compound was prepared as a white solid (223 mg, 100%). MS (ESI): 281.3 
(M+H)+ 

c) (lS)-N-[2-[l-(N-ben2yloxycarbonylamino)-3-methylbutyl]tWazoM-ylcarb^ 
N'-[N-(2-pyridinyhnethoxycarbonyl)-N-methyl-L-leucinyl]hydra2ide 

10 Following the procedure of Example 28(a)-28(e). except substituting N- 

benzyloxycarbonyl-N-methyl-L-leucine for N-/err-butoxycarbonyl-L-leucine in step 
(a) and N-methyl-N-(2-pyridinybnethoxycarbonyl)-L-leucine for N- 
benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 
solid (50 mg. 44%). MS (ESI): 639.5 (M+H)+ 

15 

Example 155 

ftgpmttion of riS)-N-r741-fN-benzvloxvcarbonvl-N-inethvlafnin^V^. 

mgthvlbutvllthia7.ol-4-v[carbonvll-N^rN-r4-pvridinvli^^ 

L-lfiwinvllhytfTMidg 

20 a) L-leucine rert-butyl ester isocyanate 

L-leucine rm-butyl ester hydrochloride (10,185 g. 45.5 mmol) was 
dissolved in methylene chloride (100 mL), cooled to 0 <H: and pyridine (12.7 mL, 
182.0 namol) was added, then phosgene in benzene (47 mL, 59. 1 mmol). The 
solution was stirred at 0 <K: for 2 hours. The reaction mixture was washed two times 

25 with 300 mL of cold 0.5 M aqueous HCl. Each aqueous layer was exctracted with 
100 mL methylene chloride. The combined organic phases were washed with a 
mixture of saturated aqueous NaCl solution and crushed ice, dried over MgS04, 
filtered and concentrated to afford the isocyanate as a yellow hquid (5.37 g, 55%). 
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b) N-(4-pyridinylinethoxycarbonyl)-L-leiicme terf-butyl ester 

The compound of Example 15S(a) (3.05 g, 14.32 mmol) and 4-pyridyl 
carbinol (1.56 g, 14.32 mmol) were dissolved in toluene (80 mL) and heated at 
reflux overnight. The solution was concentrated in vacuo and the residue was 
5 purified by column chromatography on silica gel (ethyl acetate/ hexane, 3: 1) to 
afford the title compound as a colorless oil (2.945 g, 64%). MS (ESI): 323.4 
(M+H)+. 

c) N-methyl'N-(4-pyridinylmethoxycarbonyl)-L-leucine rm-butyl ester 

10 Following the procedure of Example 154(a), except substituting N-(4- 

pyridinylmethoxycarbonyl)-L-leucine r^rr-butyl ester for N-(2- 
pyridinylmethoxycaxbonyl)-L-leucine methyl ester, the title compound was prepared 
as a yeUow liquid (2.038 g, 68% yield). MS (ESI): 337.5 (M+H)+ 

15 d) N-methyl-N-(4-pyrtdinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 144(b), except substituting N-methyl- 
N-(4-pyridinylmethoxycarbonyl)-L-lcucine rerr-butyl ester for (lS)-N-[2-[l-(N-tert- 
buioxycarbonyl-N-mcthylaniino)-3-niethylbutyl]tWazol-4-ylcaibonyl]-N-[N- 
pyridinylmethoxycaibonyl)-L-leucinyl]hydrazide, the title compound was prepared 

20 as a white solid (343 mg, 72% yield). MS (ESI): 281.3 (M+H)+. 

e) ( 1 S)-N-[2-[ 1 -(N-benzyloxycarbony l-N-methylamino)-3-methylbutyl]thia2ol-4- 
ylcarbonyl]-N-[N-(4-pyridinylmethoxycarbonyl)-N-methyl-L-Ieucinyl]hydrazide 
Following the procedure of Example 28(a)-28(e), except substituting N- 
25 benzyloxycarbonyl-N-methyl-L-leucine for N-rerf-butoxycarbonyl-L-leucine in step 
(a) and N-methyl-N-(4-pyridinylmethoxycartK)nyl)-L-leucine for N- 
benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 
solid (50 mg. 44%). MS (ESI): 639.5 (M+H)+ 

30 
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foampk 15^ 

Preparation of 2.2'-fN.hr-lhi WN.af^Jyl.L-leucdnvniTc ariinhvH«i»iriA 

Following the procedure of Example 29, except substituting N-acetyl-L- 
leucine for N-benzyloxycarbonyl-L-leucine. the title con^und was prepared as a 
5 pale yeUow soUd (0. 153 g, 23%). MS(ESI): 401 .3 (M+H)+. 

Example 1S7 

Preparation of 2-rN-fN-beiiCTloxvcarfaonvl-L-leuri nvm-2'-rN -rA- 

methvlpentanovmcaifeohvdrayide 
10 a) N-benzyloxycaibonyl-L-leucine methyl ester 

To a stirring solution of L-leucine methyl ester (2.0 g, 1 1.0 mmol) in 1,4- 

dioxane (20 mL) was added aqueous Na2C03 solution (12. 1 mL, 2M in H2O) 

followed by benzylchloroformate (1.96 g, 1 1.5 mmol). The mixture stirred at loom 

temperature for 4h then partitioned between ethyl acetate and water. The organic 
15 layer was washed witij saturated brine, dried (MgS04), fdtered and concentrated to 

yield the tide compound as a colorless oil (3. Ig, 100%). ^HNMR (40QMHz. 

CDOi) 57.34 (m, 5H), 5.27 (d. IH). 5.12 (s. 2H), 4.41 (s. 2H), 3.75 (s, 3H). 1.65 

(m.3H),0.96(m,6H). 

20 b) N-(N-benzyloxycaibonyl-L-leucinyl)hydrazide 

To a stirring solution of tbs compound of Example 157(a) (3.1g, ll.Ommol) 
ui methanol (15 mL) was added hydrazide hydrate (5.9 g, 1 18 mmol, 5.7 mL). The 
solution stirred at room texapeaimt for 16 h tiien concentrated to yield the title 
compound as an off-white soUd (3.1 g, 100%). MS(ESI): 280.2 (M+H)+. 

25 

c) l-benzyloxycarbonylaniino-3-mediyl-l-(l,3,4-oxadiazol-2-on-5-yl)butane 
To a stirring solution of die compound of Example 157(b) (3.0 g, 10.8 
mmol) in toluene (50 mL) was added phosgene (56 mL. 1.93M in toluene). The 
solution was heated at reflux for 4h, dien concentrated to yield the tide compound as 
30 a pale yellow foam (3. 15 g. 96%). MS(ESI): 306.1 (M+H)+. 

170 
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d) N-(4-methylpentanoyl)hydrazide 

To a stirring solution of ethyl isocaproate (2.0 g, 13.8 mmol) in ethanol (25 
mL) was added hydrazine monohydrate (6.9g, ISSmmol, 6.7 mL). After stirring at 
room temperature for 48 h, the solution was concentrated to yield the title 
5 compound as a white solid. (L8 g, 100%). ^HNMR (400MH2, CDC13) 5 7.48 (s br, 
IH), 3.62 (s br, 2H). 2.13 (t, 2H), 1.51 (m. 3H), 0.85 (d, 6H). 

e) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)l-2'-[N-(4- 
methylpentanoyl)]carbohydrazide 

10 The compounds of Example 157(c) (0. 100 g, 0.325 nunol) and Example 

34(d) (0.042 g, 0.325 mmol) were combined and dissolved in ethanol (1 mL). The 
solution was heated at reflux for 24 hours, then concentrated to a solid yellow 
residue which was washed with cool methylene chloride to yield the title compound 
as a white soUd (0.053 g, 37%). MS(ESI): 436.2 (M+H)+. 

15 

Preparation of 2.2'-rN.N'-fbis-(N>benzvloxvcaifaonvl-N-methvl-L- 
leucinvmicaifaohvdrazide 

Following the procedure of Exanq>le 29, except substituting N- 
20 benzyloxycarbonyl*N-methyl-L-leucine for substituting N-benzyloxycarbonyl-L- 
leucine, the title compound was prepared with purification by colunm 
chromatography (silica gel, methanol/dichloromethane) as a white foam (0.236 g, 
23%). MS (MH+): 613.2. 
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ExMnplc 159 

Preparation of 2-fN-fN-acetvl-L-leucinvn%2^rN^rN-he n2vlQxvca^^ 
leucmvmcarbohvdrazide \ 

a) 2-[N-0>I-benzyloxycarboDyl-I^leucinyI)]caiix>hydi^ 

5 To a stirring solution of the compound of Exanq)le 157(c) (3. 1 5 g, 10.3 

nimol) in methanol (2 mL) was added hydrazine hydrate (5.0 g, 100 mmol, 4.8 mL). 
After stirring at room temperature for 24 h, the solution was concentrated to yield 
the title compound as a pale yellow foam (3.471 g, 100%). MS(ESI): 338.2 
(M+H)+ 

10 

b) 2-[N-(N-acetyl-L-leucinyl)]-2'-[N-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide 

To a stirring solution of the compound of Example 159(a) (0. 100 g, 0.297 
mmol), N-acetyl-L-leucine (0.054 g, 0.312 mmol) and l-hydroxybenzotriazole 

15 (0.008 g, 0.0594 mmol) in DMF (2mJL) was added l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (0.060 g, 0.312 mmol). After stirring at room 
temperature for 16 h, the solution was poured into water and extracted with ethyl 
acetate. The organic layer was dried (MgS04), filtered and concentrated. The 
residue was purified by column chromatography (silica gel, 

20 methanol/dichloromethane) to yield the title compound as a white solid (0.052 g, 
36%). MS(ESI): 493.1 (M+H)+ 

g^tampte 1160 

PreParaUon of 2.2^rN.N'-n>i5- W-f4-pvridinvlinethox vcaifaonvn-L- 
25 leucinvnmcarfaohvdrazide 

Following the procedure of Example 29» except substituting N-(4- 
pyridinyhnethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 
compound was prepared as a while solid (199 mg, 64%). MS(ESI): 587.1 (M+H)+ 
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Exanyle 161 

Preparation of 2.2'-rN.N'.rbis.rN-f 2-pvridinvlinethoxvcaibonvn.L- 
leucinvl^nicaffaohvdrazidc 

Following the procedure of Example 29, except substituting N-(2- 
5 pyridinylinethoxycarf)onyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 
compound was prepared as a white solid (263 mg, 81%). MS(ESI): 587. 1 (M+H)''-. 

Example 162 

Preparation of 2-rN-rN-benzvloxvcarbonvl-L-lencinvm-2'-rN'-fN-r2. 
10 pvridinvhnethoxvcarbonvn-L-leucinvmicaibohvdrazide 

Following the procedure of Example 159(a)-lS9(b) except substituting N-(2- 
pyridinyhnethoxycarbonyl)-L-leucine lithium salt for N>acetyl-L-leucine in step (b). 
die title conq)ound was prepared as a white solid (0.040 g, 1S%). MS(ESI): 586.3 
(M+H)+ 

15 

Example 163 

Preparation of 2.rN.fN.benzvloxvcart>onvl.L.leucinvl^1-2'.rN'.rN-f 4- 
pvridinvlmethoxvcarfaonvn-L-leiicinvnilcaibohvdrazide 

Following the procedure of Example 159(a)-159(b) except substituting N-(4- 
20 pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 
the title conqxNind was prepared as a white solid (0.045 g. 17%). MS(ESI): 586.3 
(M+H)+. 

Preparation of 2-rN-rN- benzvloxvcarbo nvl-L-leucinvni-2'-rN'-f N.(3. 
pvridinvhnethoxvcarfaonvn-L.leucinvmicaifaohvdrazide 

Following the procedure of Example lS9(a)- 159(b) except substituting N-(3- 
pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 
die title compound was prepared as a white solid (0.084 g, 32%). MS(ESI): 586.3 
(M+H)+ 
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Example IM 

Ecenarati<Mlof2.2'-fN.N'-fhis^-benCTlo»vga rt>cmvl-I^ltmcinvni1.7.^- 
methvlteaihohvdriiyjtlff 

a) N-inetIqr]-N-(N-beii^loxycai1x}nyl-L-leucinyl)hydrazide 
5 To a stirring solution of N-benzyloxycaibonyI>L-leucine methyl ester (2.2 g, 

8.15 mmol) in methanol (4 mL) was added methylhydrazine (3.7 g, 80 mmol). 
After stiRing at room temperature for 16 h, the solution was concentrated to yield 
the title compound as a yellow solid (2. 14 g, 7.3 mmol). MS(ESI): 294. 1 (M+H)+. 

10 b) 2,2'-(N,N'-niis-(N-ben2yloxycarbonyl-L-leucinyl)]]-2-(N-methyl)carbohydrazide 
The compound of Example 157(c) (0.250 g, 0.819 mmol) and the compound 
of Example 165(a) (0.240 g, 0.819 mmol) were combined, dissolved in ethanol and 
heated at reflux for 24 h. The solution was concentrated and the residue purified by 
column chromatogr^hy (silica gel, methanol/dichloromethane) to yield the title 

15 compound as a white solid (0.060 g, 12%). MS(ESI): 599.1 (M+H)+. 

RxamplP. ifi^ 

BCBPaatiQn of 2.2 -rN.N'-fbis-rN-f 3-pvridinvlinetho«v«».rtwinyl ^ 
leucinvnmcarhohvdra^iHfi 

20 Following the procedure of Exanqile 29 . except substituting N-(3- 

iqrridinyhnethoxycaibonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 
conqmund was prepared as a white solid (157 mg, 48%). MS(ESI): 587.0 (M+H)+ 
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Exwnpte 107 

Preparation of l-nM>benzvlV2.2'-fN.N'-rbis-fN-benzvloxvcarbonvl-L- 

a) N-benzyUdene-N -(N-beiizyloxycarbonyl*L-leucinyl)hyd^ 

5 To a solution of the compound of Example lS7(b) (1 g» 3.5 nmiol) in 

ethanol (30 mL) was added benzaldehyde ( 0.33 mL, 3.2 nunol). The resulting 
mixture was heated at reflux for 4 h. The mixture was concentrated in vacuo then 
purified by flash chromatography (silica gel, 10-50% EtOAc / hexane) to yield the 
tiUe compound as a solid (0.31 g, 23%). MS(ESI): 368.0 (M+H)+ 

10 

b) N-benzyl-N-(N-benzyloxycarbonyl-L-IeucinyI)hydra2ide 

To a cooled solution of compound of Example 167(a) (0.24 g, 0.65 mmol) in 
THF (5 mL) was added borane tetrahydrofiiran complex (0.65 mL, 0.65 mmol; IM 
solution in THF). The resulting mixture was stined at room temperature for 4 h 
15 then concentrated in vacuo and diluted with ethyl acetate, washed with water, 

saturated brine, dried (MgS04), filtered and concentrated in vacuo to give the tide 
compound as a white solid (0.25 g, 89%). MS(ESI): 370.0 (M+H)+ 

c) 1 -benzyloxycaibonylamino-3-methyl- 1 -(3-benzyl- 1 ,3,4-oxadiazol-2-on-5* 
20 yl)butane 

Following the procedure of Example 157(c), except substituting N-benzyl- 
N'-(N-benzyloxycarbonyl-L-leucinyl)hydrazide for N-(N-benzyloxycart)onyl-L- 
leucinyl)hydrazide, the tide compound was prepared as an oil (0.02 g, 83%). 
MS(ESI): 396.0 (M+H)+ 

25 

d) 1 -(N-benzyl)-2-[N-(N-benzyloxycarbonyl-L-leucinyl)]carbohydrazide 

Following the procedure of Example 159(a), except substituting 1- 
benzyloxycarbonylamino-3-metby 1- 1 -(3-benzyl- 1 ,3,4-oxadiazol-2-on-5-y l)butane 
for l-benzyloxycarbonylanuno-3-methyM*(l,3,4-oxadiazol-2-on-5-yl)butane in 
30 step (a), the title compound was prepared as a solid (0.013 g, 62%). MS(ESI): 
428.0 (M+H)+ 
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d)^(N-benzyl)-2,2'-^^J^^[bis-(N-beIlzyloxycarbonyl.L-leuc^nyl)]Jcal^ 

FoUowing the procedure of Example 159(a)-159(b). except substituting 1- 

benzyloxycarbonylaiiuno-3-niethyl-l-(3-beiuyl-U,4H>xadia2ol-2-on-5-y^ 
5 for I-beiizyloxycaibonylaiiuno-3-inethyI-l.(l,3,4-oxadiazol-2K)n-5-yl)butan^ in 
step (a), the title compound was pnpazed as white solid (13 mg, 86%). MS(ESI): 
675.0 (M+H)+ 

Example 16« 

10 Prgp^tion of 2-rN-fN-hen7,vloxvcaThonv l -L-leucinvni-7'-nM'.ff sl- 
bgn?;Yt0XYCart)Onvl-N-inftthvl-L-leucinvl )lcarfaohvdra7iH^ 

Following the procedure of Example 159(a)-I59(b) except substituting N- 
benzyloxycarbonyl-N-methyl-L-leucine for N-acetyl-Heucine in step (b), the title 
compound was prepared as a white soUd (0.141 g, 53%). MS(ESI): 599.4 (M+H)+. 



Example IfiO 

Preparation of N-f?.-ri-nanhthvnthiiiTnl.4-vlcartionvn.Ta'.rN.ril. 

PYridinYlmethoxvcait)onvlVL.ieiicinvnhyri«.>irfff 
20 FoUowing the procedure of Example 1 12(a)-l 12(g), except substituting 1- 

n^hthyl bmonic «»d for 2-benzyloxyphenyl boronic acid in step (e), the title 
compound was prepared as a white solid (0.094 g, 58%). MS(ESI): 518.4 (M+H)+. 

faamplc 170 

25 Preparation of N-r2-f2-hinhftnvnthiazo1uUviM rfaonvl1-N'.rN.riU 
Pvridinvlniethft»yr«.1^pvlVL-leucinvnhvHn.Tirt> 

Following the procedure of Example 1 12(a)- 1 12(g), except substituting 2- 
biphenylboronic acid for 2-benzyloxyphenyl boronic acid in step (e), the tide 
compound was prepared as a white solid (0. 100 g, 43%). MS(ESI): 544.3 (M+H)+. 
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Example 171 

Preparation of N-rN-heiirv1oxyeaffaonvl-N-inethvl-L-leucinvn-N'-r2-rN-r2- 
inethylprQpvlVN-phefivlaimnolthiazol-4-vlcariionvllhvdraMde 

Following the procedure of Example 1 16(a>l 16(b), except substituting N- 
5 benzyloxycarbonyl-N-methyl-L-leucine for N-(4-pyridinylmcthoxycarbonyl)-L- 
leudne in step (b), the title compound was prepared as a white solid (40 mg, 25%). 
MS (ESI): 552.5 (M+H)+ 

Example 172 

10 Preparation of N-rN-methvl-N-(2-pvridinvlmethoxvcarbonvlVL-leucinvll-N'-r2-rN- 
r2-methvlpropvlV-N-phenvlaniino1thiazol-4-vlcarbonvnhvdrazide 

Following the procedure of Example 1 16(a)-l 16(b), except substituting N- 
methyl-N-(2-pyiidinylmetboxycarbonyl)-L-leucine for N-(4- 
pyiidinylmetboxycaibonyl)-L-leucine in step (b), the title compound was piqiaied 

IS as a white solid solid (70 mg. 71%). MS (ESI): 553.4 (M+H)-^. 

foamplc 173 

Preparation of N.r2-(24ienzvloxvphenvnthia2ol-4-vlcarbonvn-N'-fN-teft- 
butoxvcarbonvl-L-leueinvnhvdrazide 
20 FoUowing the procedure of Example 1 12(a)-l 12(g). excqit substimting N- 

rerr-butoxycarbonyl-L-leucine for N-(4-pyridinylmethoxycaifoonyl)-L-leucine in 
step (g), the title compound was prepared as a white solid (1.015 g, 94%). 
MS(ESI): 539.1 (M+H)+. 

25 Exampk 174 

Preparation of N-fN-/ert-butoxvcarbonvl-L-leucinvn-N'-f2-rN-f2-methvlpropvlVN. 

phenvlaminolthiazol^vlcarfaonynhvdrazide 

Following the procedure of Example 1 16(a)-l 16(b), except substituting N- 

terr-butoxycarbonyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in 
30 step (b), the title compound was prepared as a white solid (740 mg, 85%). MS 

(ESI): 504.4 (M+H)+. 
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Example 175 

PreParaUon of N-rN-teit-butoxvcariiQnvl-N.methvl- l^lftueinvlVN'.ra.ptf.f^ . 
nwthvlproPVlVN-nhenvlaminolthiaMl^vltMihonvnhvdra^^^ 
5 Following the piocedure of Exanq)le 1 16(a)-l 16(b), except substituting N- 

rerr-butoxycarbonyl-N-oiethyl-L-leucine forN-(4-pyridinylnietboxycarbooyl)-L- 
leucine in step (b), the title compound was prepared as a white solid (610 mg, 69%), 
MS (ESI): 518.4 (M+H)+ 

10 Example 176 

Preparation of N-r2-f 2.benzvlftxvphenvnthia2ol- 4.vlcarbonvn-N'.fN- 

pYn«ingcart?QnYl-lL-|gw«nYl)liYdrazi<te 

a) N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyl]-N'-(L-leucinyl)hydrazide 

Following the piocedure of Example 144(b), except substituting N-I2-(2- 
15 ben2yloxyphenyl)thiazol-4-ylcarbonylJ-N'-(N-tert-butoxycarbonyl-L- 

leucinyl)hydrazide for (lS)-N-[2-[l-(N-teit-butoxycarbonyl-N-methylaniino)-3- 
nMthylbutyl]thia2ol-4-ylcaibonyl]-N'-[N-(4-pyridinylniethoxycarbonyl)-L- 
leucinyljhydrazide, the title con^und was prepared as a white powder (0.766 g, 
93%). MS(ESI): 439.3 (M+H)+ 

20 

b) N-[2-(2-ben^loxyphenyl)thiazo]-4-ylcaibonyl]-N'-[N-(2-pyrazinylcaibonyl)-L- 
leucinyljhydrazide 

Following the procedure of Example 1 16(b), except substituting N-[2-(2- 
benzyloxyphenyI)thiazol-4-yIcarbonyl]-N'-(L-leucinyl)hydrazide for N-(2-(N- 
25 phenyl-N-(2-methyl-l-propyl)amino]thiazol-4-ylcarbonyl]hydiazide and 

pyrazinecaiboxylic acid for N-(4-pyridinyhnethoxycaibonyl)-L-leucine, the title 
compound was i^repared as a white solid (0. 146 g. 94%). MS(ESI): 545.4 (M+H)+. 
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Example 177 

Pteparation of N-r2-(2-ben2vloxvDhenvnthia2ol-4-vlcarfaonvn-N'-n^-is^^ 

Following the procedure of Example 176(a>176(b), except substituting 
5 isonicotinic acid for pyrazinecaxboxylic acid in step (b), the title compound was 
prepared as a white solid (0.135 g. 87%). MS(ESI): 544.3 (M+H)+ 

B^myk 178 

Preparauon of N-f 2-f2>dibenzofiiranvnthiazol-4>vlcarbonvl%N'>rN-r4> 

10 pyridiny)nifithQxyp4rtK>nylVL-ieu(:inyllhy<l^ 

Following the procedure of Example 1 12(a)- 1 12(g), except substituting 2* 
bromodibenzofuran for 2-benzyloxybromobenzene in step (d), the title compound 
was prepared as a white soKd (0.079 g, 49%). MS(ESI): 558.3 (M+H)+ 

15 Bxampk 179 

Preparation of N-f2>rN>f2-methvlpropyl VN--phenylaniino]thia2ol-4>vlcarbonyl^ 
fN-PvrazinecaffaonvI-L-leucinvnhvdrazide 

Following the procedure of Exanq>le 176(a)- 176(b), except substituting N* 
(N-reit-butoxycarbonyl-L-leucinyl>-N'-[2-[N-(2-methylpropyl)-N- 
20 phenylamino]thiazol-4-ylcarbonyI]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-ylcarbonyl]-N'-(N-lierr-butoxycaibonyl-L-leuciny])hydrazide in step (a), the title 
compound was prepared as a white solid (36 mg, 27%). MS (ESI): 510.4 (M+H)+. 

Exwnpte 180 

25 Preparation of N-r2-rN-f 2-methvlpropvl VN-phcnvlaminolthiazol-4-vlcarbon vll-N - 

fN-mcthvl-N-Pvrazinecarbonvl-L-leucinvnhvdrazide 

Following the procedure of Example 176(a)- 176(b), except substituting N- 

(N-rerr-butoxycarbonyl-N-methyl-L-Ieucinyl)-N-[2-[N-(2-methylpropyl)-N- 

phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thia2ol- 
30 4-ylcarbonyI]-N -(N-/€rr-butoxycarbonyl-L-leucinyl)hydrazide in step (a), the title 

compound was prepared as a white solid (70 mg, 72%). MS (ESI): 524.4 (M+H)+. 
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Example 181 

PlTO8raUQnQfN-rN-isonicotin<wl4^1i>iicinvlVN'-r2-rN. r 2-im^^ 
Dhenvlamino1thiMnl^vlr«rfv>nvllhvdni»iH^. 

FoUowing the procedure of Example 176(a)-176(b), except substituting N- 
(N-terf-butoxycarbonyl-N-inethyl-L-Ieucinyl>N'-[2-INK2-inethylpropyl>^^ 
phenylainiiio]thiazol-4-ylcaibonyllhydrazide for N-[2-(2-ben2yloxyphenyl)thiazol- 
4-ylcaibonyl]-N'-(N-rm-buioxycarbonyl-L-leucinyl)hydrazide in step (a) and 
is(micotinic add for pyiazinecarboxylic aicd in step (b), the title compound was 
prepared as a white solid (28 mg. 22%). MS (ESI): 509.4 (M+H)+. 

Example 1R2 

Prepgration of N-fN-isonicotinovl-N.methvl.L-leucinvn. N '-r2-rN.r2. 
niCthvlPr0Pvn-N-i)henvlamino1thia7^1 ^vlcarbonvnhvrtraTiH^ 

Following the procedure of Example 176(a)- 176(b), except substituting N- 
(N-methyl-N-/m-butoxycarbonyi-N-methyl-L-leucinyl)-N'-[2-[N-(2- 
mcthylpropyl).N-phenylaniino]thiazol-4-ylcarbonylJhydrazide for N-[2-(2- 
benzyloxyphenyl)thiazol-4-ylcarbonyl]-NXN-le/t-buU>xycaibonyl-L- 
leucinyl)hydrazide in step (a) and isonicotinic acid for pyrazinecaifooxylic aicd in 
step (b), the title compound was prepared as a white solid (1 17 mg, 93%). MS 
(ESI): 523.4 (M+H)+. 
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Example 183 

Preparation of N-fN-f4-iimdazolvlacetvlVI^leucinvn-N'-r2-rN>f 

phenylaminolthiMPl-4-y)lciffl»nyl1hydrm 

Following the procedure of Example 176(a)- 176(b), except substituting N- 
5 (N-ftfrr-butoxycarbonyl-N-methyl-L-leucinyl)-N-[2-[N-{2-methylpropyl)^^ 

phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-ylcarbonyl]-N -(N-re/t-butoxycarbonyl-HcucinyI)hydrazlde in step (a) and 4- 
imidazolylacetic acid for pyrazinecarboxylic aicd in step (b), the title compound was 
prepared as a white solid (60 mg. 53%). ^ HNMR (400MHz. CDCI3) 8 7.62-7.23 
10 (m, 8H), 6.81 (s, IH). 4.72-4.66 (m, IH). 3.75 (d, IH), 3.55 (d, 2H), 1.96-1.93 (m, 
2H). 1.76-1.54 (m, 3H), 0.96-0.84 (m, 12H). 

Example 184 

Preparation of N-r2-rN-Q-methvlpmpvlVN>phenvlaminolthia2Ql^vlcarfaonvn-N'- 

15 ffJ-picolinovl-L-leucinvnhvdrazide 

Following the procedure of Exan4>le 176(a)- 176(b), except substituting N- 
(N-/err-butoxycarbonyl-N-methyl-L-leucinyl)*N*-[2-[N-(2-methylpropyl)-N- 
phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-ylcarbonyl]-N*-(N-lieit-butoxycarbonyl-Lrleucinyl)hydrazide in step (a) and 

20 picolinic acid for pyrazinecarboxylic aicd in step (b), the title compound was 
prepared as a white solid (50 mg, 44%). MS (ESI): 509.5 (M+H)+ 

Example 185 

Preparation of N-f2-f2-ben2vloxvphenvnthia2ol-4-vlcarfaonvnmethvl rN-(4- 
25 PvridinvlmethoxvcaifaonvlVL-leucinamide 

a) 2-(2-benzyloxyphenyltbiazole-4-carboxylic acid 

Following the procedure of Example 105(b), except substituting ethyl 2-(2- 

benzyloxyphenyl)thiazole-4-carboxylate for methyl 3-(4- 

pyridinyllmetboxy)benzoate, the title compound was prepared as a white solid 
30 (0.361 g. 90%). MS(ESI): 312.2 (M+H)+ 
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b) 2-(2-benzyloxyphenyl)thiazol-4-yl hromomethyl ketone 

Following the pnxredure of Example 103(a), except substituting 2-(2- 
benzyloxyphenyIthiazole-4-caiboxylic acid for N-benzyloxycarbonyl-L-Leucinyl-L- 
Leucine, the title compound was prepared as a white solid (0.327 g, 73%). 
5 MS(ESI): 388.2 (M+H)+ 

c) 2-(2-benzyloxyphenyl)thiazol-4-yl azidomethyl ketone 

A solution of the compound of Example 185(b), (0.319 g, 0.822 mmol), 
sodium azide (0.064 g. 0.987 mmol), and potassium fluoride (0.072 g, 1.23 mmol) 

10 in DMF (6 mL) was stirred at room temperature for 16 h. The solution was then 
diluted with ethyl acetate and washed successively with water, saturated aqueous 
sodium hydrogen carbonate, and brine. The organic layer was dried (MgS04), 
filtered and concentrated. The residue was purified by column chromatogr^hy 
(silica gel, ethyl acetate/hexane) to yield the title compound as a white solid (0.087 

15 g, 30%). MS(ESI): 373.3 (M+Na)+ • 

d) 2-azido- 1 -[2-(2-benzyloxyphenyl)thiazol-4-yl]> 1 -hydroxyethane 

To a stirring solution of the compound of Example 185(c) (0.087 g, 0.249 
nunol) in THF (1 mL) at 0°C, was added sodium borohydride (0.031 g, 0.820 
20 mmol) slowly. After 20 min the mixture was diluted with ethyl acetate and washed 
with water then brine. The oiganic layer was dried (MgS04), filtered and 
concentrated to yield the title compound as a white solid (0.084 g, 96%). ^HNMR 
(400MH2. CDCI3) S 8.41 (m, IH). 7.50 (m, 2H), 7.38 (m, 4H), 7.1 1 (m, 3H). 5.31 
(s, 2H). 5.08 (t, IH), 3.69 (m. 2H), 3.58 (s b, IH). 

25 

e) 2-amino-l-[2-(2-ben2yloxyphenyl)thiazol-4-yll-l-hydroxyethane 

To a stirring solution of the compound of Example 185(d) (0.084 g, 0.239 
nunol) in methanol (2 mL) was added stannous chloride dihydrate (0.108 g, 0.478 
mmol). After stirring at room temperature for 16 h, the mixture was diluted with 
30 ethyl acetate and washed successively with water, saturated aqueous NaHCOj, and 
brine. The organic layer was dried (MgS04), filtered and concentrated. The 
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residue was purified by column chromatography (silica gel, 
methanol/dichloromethane) to yield the title compound as a white solid (0.07 5g, 
96%). MSCESD: 327.3 (M+H)+ 

5 f) l-[2-(2-benzyloxyphenyl)thiazol-4-yl]-l-hydn)xy-2-(4- 
pyridinylmethoxycarbonyI-L-leucinylamino)ethane 

Following the procedure of Example 1 16(b), except substituting 2-amino-l- 
I2-(2-benzyloxyphenyl)thiazol-4-yl]- 1 -hydroxyethane for N-[2-[N-phenyl-N-(2- 
methyM-propyl)amino]tfaiazoI-4*ylcarbonyl]bydrazide, the title compound was 
10 prepared as a white solid (0.075 g, 57%). MS(ESI): 575.4 (M+H)+. 

g) N-[2-(2-benzyloxyphenyl)thia2ol-4-ylcarbonyl]methyl [N-(4- 
pyridinylmethoxycarbonyO'L-leucinanude 

To a stining solution of the compound of Example 185(f) (0.075 g, 0.131 
15 mmol) in dichlorometbane (1 mL) was added Mn02 (0.300 g, 3.45 mmol). After 
stirring at room temperature for 24 h, the mixture was filtered and the filtrate was 
concentrated. The residue was purified by column chromatography (silica gel, 
methanol/dichloromethane) to yield the title compound as a pale yellow solid (0.017 
g,23%). MS(ESD: 573.4 (M+H)+ 

20 

Preparation of N42-rN-methvl-N-f 2-methvlpropvnaminolthiazol-4-vlcarbonvl 

rN-f4-pvridinvlmethoxvcariionvlVL-leucinvnhvdrazide 

a) N-benzoyl-N-mcthyl-N -(2-methylpropyl)thiourca 

25 To a stirring solution of N-methylisobutylamine (3.21 g, 36.8 mmol, 4.45 

mL) in 40 mL of CHCI3 was added benzoyl isothiocyanate (6.0 g, 36.8 nunol, 4.95 
mL). After stirring for 45 min, the solution was concentrated to yield the title 
compound as a pale yellow solid (9.22 g, 100%). ^HNMR (400MHz, CDCI3; 2: 1 
mixture of rotamers) 6 7.86 (d, 2H), 7.60 (t, IH). 7.50 (t, 2H), 3.90 (d, 2H). 3.44 (s, 

30 3H), 3.41 (d. 2H), 3.27 (s, 3H), 2.35-2.32 (m, IH), 2.13 (m, IH), 1.06 (d, 6H). 0.90 
(d,6H). 
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b) N-metbyl-N-(2-inethylpropyl)thiouiea 

The compound of Exaiiq>le 186(a) (9.22 g. 36.8 mmol) was suspended in 80 
niL of 1: 1 metbanol/water and solid potassium caibonate (15.27 g, 1 10 mmol) was 
5 added. The mixture was heated at leflux for 48 h. then cooled and paitidoned 

between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate 
(2X). The combined otgtadc layers were washed with saturated biine, dried 
(MgS04), filtered and concentrated to provide the tide compound as a pale yellow 
ciystalline solid (4.82 g, 89%). MS(ESD; 147.0 (M+H)+. 

10 

c) N-[2-(N-methyl-N-(2-methylpropyl)amino]thiazol-4-ylcarbonyl]-N'-(N-(4- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 1 13(d)-l 13(f). except substituting N- 
methyl-N-(2-methylpropyl)thiourea for N-(4-phenylphenyl)-N-(2-methyl-l- 
1 5 propyl)thiourea in step (d), the title compound was prepared as a white solid (202 
nig.97%). MS(ESD: 477.4 (M+H)+. 

Example 187 

ECEPaiatiQn of N-fN-medivl-N-Dicolinovl-L-leu cinvlVN'-r2-rN-f 2-metliYlr m pYl )- [^- 

20 Dhenvlaniino1thiaMl-4-vlcflrhonvllhvdrazide 

Following the procedure of Example 176(a)- 176(b), except substituting N- 
(N-methyl-N-rerr-butoxycaibonyl-N-methyl-L-leucinyl)-N'-[2-[N-(2- 
niethylpropyl)-N-phenylammo]thiazol-4-ylcaibonyI]hydrazide for N-[2-(2- 
benzyloxyphenyl)diiazol-4-ylcarbonyl]-N'-(N-f«ft-butoxycarbonyl-L- 

25 leucinyl)hydrazide in step (a) and picolinic acid for pyrazinecarboxylic aicd in step 
(b), the title conqiound was prepared as a white solid (30 mg, 41%). MS (ESI): 
523.5 (M+H)+ 
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Examples m 

PrepararionofN-r2-f2-beiizvloxvphenvnthia2ol-4-vlca^^ 

pyiriitfiinffgttlfonylVL-toinyllhyt^ 

a) 2-pyridinesulfonylchloride 

S Through a stirring solution of 2-meicaptopyridine (2.235 g, 20 mmol) in 

water (7.S mL) and concentrated HCl (26 mL) at 0 X was bubbled CI2. After 
BOmin, 75 mL of ice water was added and extracted with cold ether (2 X 75niL). 
The organic layers were combined and washed successively with cold 10% aqueous 
NaHC03. and cold brine. The organic layer was dried (MgS04), filtered and 
10 concentrated to yield the title compound as a clear oil. (3. 1 g, 87%). 

b) N-[2-(2-benzyloxyphenyl)thiazol-4-ylcarbonyll-N-[N-(2-pyridinesulfonyl)-L- 
leucinyljhydrazide 

To a stirring solution of the compound of Example 176(a) (0. 125 g, 0.285 
IS mmol), and the compound of Example 188(a) (0.101 g, 0.571 nunol) in 

dichloromethane (2 mL) was added N-methylmorpholine (0.057 g, 0.571 mmol). 
After stirring at room temperature for 10 min the solution was diluted with ethyl 
acetate and wasted successively with water and brine. The organic layer was dried 
(MgS04), filtered and concentrated. The residue was purified by column 
20 chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 
pale yeUowsoUd (0.100 g, 61%). MS(ESI): 580.2 (M+H)+ 

Exampte 189 

Preparation of N-r2-rN-f 2-methvlpropvl VN>phenvlaminolthiazol-4-vlcarbonvn-N*> 

25 fN-f2-pyridin^wlfonyl)-Mgygmyilhy4^ 

Following the procedure of Example 188(b), except substituting N-(L- 
leucinyl)-N'-[2-[N-(2-methylpropyl)-N-phenylamino]thiazol-4- 
ylcarbonyl]hydrazide for N-(2-(2-benzyloxyphenyl)thiazoJ-4-ylcarbonyl]-N*-(L- 
leucinyl)hydrazide, the title compound was prepared as an orange solid (56 mg, 
30 48%). MS (ESI): 545.3 (M+H)+ 
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Example 190 

PfSParation of N-r?-rN-a-methvlpropvlV-N-Dhenvlaiiiino1thia7ni.ii .vi(^ 
fW-niethvl-N-f2-l>vridinesulfonvlVL-leucinvl1hvdra7iriP 

Following the pinceduie of Example 188(b), except substituting N-(N- 
5 nietfayl-I^leucinyl)-N'-[2-n^-(2-niethylpnq>yl>N-phenylamino]t^ 

ylcarbonyl]hydrazide for N-[2-(2-ben:^loxypbenyl)thiazol-4-ylcarbonyl]-N'-(L- 
leucinyl)hydrazide, tte title ccmipound was prepared as an orange solid (53 mg, 
40%). MS (ESI): 559.3 (M+H)+ 

Preparation of N42-rN-methvl-N-f2-methvlDropvl^aminolfhia7ff^- 4.vlcariionvn.N'. 
fN-(3-PVridinvlmethoxvcarfaonvlVL.leucinvnhvdra7^(tf 

Following the procedure of Example 186(a)- 186(c), except substituting N- 
(3-pyridinylmethoxycarbonyI)-L-leucine for N-(4-pyridinylmethoxycaibonyl)-L- 
15 leucine in step (c). the title compound was prepared as a white solid (138 mg, 66%). 
MS (ESI): 477.4 (M+H)+. 

Example 192 

EtBBfliatiQD Of N-r2-rN-r2-methvlproDvlVN-phenvlaniino1thia»nl-^yln Mhonvn.N'- 
20 fN-methvl-N-^4-imidinvlmethQ»vcaihoiivl^L.leucinvnhvrt«7ifl,. 

Following the procedure of Exanaple 1 16(a)-l 16(b), except substituting N- 
methyl-N-(4-pyridinylmethoxycatbonyl)-L-leucine for N-(4- 
pyridinyhnethoxycaibonyl)-L-leucine in step (b), the title compound was prepared 
as a white solid solid (74 mg, 41%). MS (ESI): 553.4 (M+H)+ 
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faaiBPlff 193 

Preparation of N-rS-rN-fl-methvl^vn-N-phenvlaminnlthimol^vlcarfaonvll-N'- 
fN-methvl-N^3-pvridinvlmethoxvcarf>onvlVI^leiicinvnhvdfazide 

Following the procedure of Example 1 16(a)-l 16(b), except substituting N- 
5 methyl-N-(3-pyridii^]iiiethoxycarbonyl)-L-leucine for N-(4- 

pyridinylmetboxycaibonyl)-L-leucine in step (b), the title compound was prepared 
asawhitesolidsoUd(SOmg,38%). MS (ESI): SS3.4 (M-t-H)-^. 

Example 194 

10 Preparation of N-r2-f2-benzvloxvphenvnthiazol-4-vlcarbonvll-N'-rN-methvl-N-f3- 
pvridinvlmethoxvcarbonvlVL-leucinvnhvdrazide 

Following the procedure of Example 1 12(a)-l 12(g), except substituting N- 
methyl-N-(4-pyridinylmethoxycaibonyl)-L-leucine for N-(4- 
pyridinybnethoxycarbonyl)-L-leucine in step (g), the title compound was prepared 

IS as a white soUd (0.028 g. 15%). MS(ESI): 588.4 (M+U)* 

Example 195 

Preparation of N-rN-medivl-N-f4-pvridinvlmethoxvcariionvlVL-leucinvn-N'-r2.fl- 

imp!itliyl)thia7.o]-4-yllcarbQnyllhy<iraacte 
20 Following the procedure of Exanqde 1 12(a)- 1 12(g), except substituting 1- 

naphtbyl boronic acid for 2*benzyloxyphenyl boronic acid in step (e) and N-mediyl- 
N-(4-i^dinylmethoxycaibonyl)-L-leucine for N-(4-pyridinylmethoxycaibonyl)-L- 
leudne in stq> (g), the title compound was prepared as a white solid (0.072 g. 36%). 
MS(ESD: 532.4 (M+H)+ 

25 

Example 196 

Preparation of N-f2-rN.N-fbiO-2.methvlpropvnamino]thiazoM.vlcarbonvn-N'-rN. 

(4-pyri4ipylmethoxycarboiniyl)-l^-kwcmyl1hy<iirwi<le 

Following the procedure of Example 186(a)- 186(c), except substituting N,N- 
30 diisobutylamine for N-metbylisobutylamine in step (a), the title compound was 
prepared as a yeUow solid (60 mg. 39%). MS (ESI): S19.5 (M+H)-^. 
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Example 107 

Preparation of N-n^-henzvloTvcari»nriv|.I^le»dtivlV. N'.r2-rN N.rhii8^.'>- 
llietlwlpropvlteniino1thia»il.4-vlairiyinvn^ 
5 Following the procedure of Exainide 186(a)- 1 86(c), except substituting N.N- 

diisobutylamine for N-metbylisobutylamine in step (a) and N-benzyloxycaibonyl-L- 
leucine for N-(4-pyridinylnietlioxycaibQnyl)-L-leucine in the final step, the title 
compound was prepared as a yellow solid (131 mg, 69%). MS (ESI): 518.4 
(M+H)+ 

10 

Example 198 

Preparation of N-f2-f4-moroholino^th ia2ol-4-vlcarbonvll.N'.rN-r4- 
PYridinvlmethoxvcaifeonvn-L-leucinvnhvdra7.ide 

Following the procedure of Exaiiq>le 186(a)- 186(c), except substituting 
15 morpholine for N-methylisobutylamine in step (a), the title compound was prepared 
as a white solid (45 mg, 31%). MS (ESI): 477.3 (M+H)+ 

Preparation of N-^2-^2-(4-pvridinvlmethoxv)phenvnthiazol-4.vl^a Tbonvll-^J^-rN-r4- 
20 PvridinvlmethoxvciiffaonYlVL.IeucinvllhyriH>»tA> 

a) 2-methoxymethoxybromobenzaie 

To a stiiring suspension of sodium hydride (1.2 g, S2.1 mmol, 60% 
dispersion in mineral oil) in DMF (75 mL) at 0 X was added 2-hromophenol (6.0 g. 
34.7 mmol) dropwise. After stiiring for 20 min, bromomethyl methyl edier (4.3 g, 

25 34.7 mmol) was added. After stirring for 16 h at room temperamre. the mixture was 
poured into water (250 mL) and extracted with bexane. The organic layer was 
washed widi brine, dried (MgS04). filtered and concentrated. The residue was 
purified by column chromatography (silica gel, hexane) to yield the title compound 
as a colorless oil (4.0 g, 53%). ^HNMR (400MHz. CDCI3) 6 7.55 (d, IH), 7.28 (t, 

30 IH). 7. 16 (d, IH), 6.91 (t, IH), 5.25 (s. 2H), 3.54 (s, 3H). 
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b) ethyl 2-(2-methoxymethoxyphenyl)thiazole-4-caiix)xylate 

Following the procedure of Example 1 12(a)-l 12(b) and 1 12(d)-l 12(e), 
except substituting 2-niethoxymethoxybromobenzene for 2- 
benzyloxybromobenzene in step (d), the title compound was prepared. MS(ESI): 
5 294.3 (M+H)+ 

c) ethyl 2-(2-hydroxyphenyl)thia2ole-4-carboxylate 

To a stirring solution of the compound of Example 199(b) (0.839 g, 2.86 
mmol) in ethanol (25 mL) was added 10 drops of concentrated hydrochloric acid. 
10 After stirring at reflux for 2 h the solution was concentrated then redissolved in 
ethyl acetate. The solution was washed successively with saturated sodium 
bicarbonate, and brine, dried (MgS04). filtered and concentrated to yield the title 
compound as a pale yeUow solid (0.674 g, 95%). MS(ESI): 250.2 (M+H)+ 

15 d) ethyl 2-[2-(4-pyridylmethoxy)phenyllthiazole-4-carboxylate 

To a stirring solution of the compound of Example 199(c) (0.125 g, 0.502 
mmol), 4-pyridylcarbinol (0.071 g, 0.653 mmol), and triphenylphosphine (0.171 g, 
0.653 mmol) in THF (5 mL) at.O^'C was added diisopropyl azodicaiboxylate (0.132 
g, 0.653 mmol) dropwise. Aflter stirring at room temperature for 16 h, the solution 

20 was concentrated and purified by column chromatography (silica gel, ethyl 
acetate/hexane) to yield the title compound as a white solid (0.100 g, 59%). 
MS(ESI): 341.3 (M+H)+ 

e) N-[2-[2-(4-pyridinylmethoxy)phenyl]thiazol-4-ylcarbonyl]-N-[N-(4" 
25 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 1 12(f)- 1 12(g), except substituting ethyl 
2-(2-(4-pyridylmethoxy)phenyl]thiazole-4-carboxylate for ethyl 2-(2- 
benzyloxyphenyl)thiazole-4-carboxylate in step (£), the title compound was prepared 
as a white solid (146 mg, 83%). MS(ESI): 575.4 (M+H)+ 

30 
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Example 200 

Preparation of N-f2^2-niiphthvnthiazol^vlcflrhnnvn-N'.rNr./4. 
pvriclinvlinethoxvcariionvivi^leucinvnhvdnizide 

Following the procedure of Exan4>le 112(a)-112(g), except substituting 2- 
5 naphthylboronic acid for 2-benzyloxyphenyI boionic acid in step (e), tlie title 
compound was prepared as a white solid (226 mg. 75%). MS (ESI): 518.4 
(M+H)+ 

Example 201 

10 PrePmtionofN-r2-rN.N-fbisV2-methvlPTOpvhaTnino1 t hia2ol-4-vlcaTfaonvn.N'.fN. 

methvl-N-f4-Pvridinvlmethoxvcarhonvn-L-leuci nvnhvdra2ide 

Following the procedure of Example 186(a)- 186(c), except substituting NJJ- 

diisobutylamine for N-methylisobutylamine in step (a) and N-methyl-N-(4- 

pyridinylmetboxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 
15 leucine in die final step, the title compound was prepared as a yellow solid (30 mg, 

25%). MS (ESI): 533.3 (M+H)+ 

Example 202 

Preparation of N-fN-henzvloxvcariionvl-L.leucinylVN'-r2-r4-m ofpholinn^hia7nl.4- 
20 vlcarbonvnhvdra»ide 

Following the procedure of Example 186(a)- 186(c), except substituting 
moipholine for N-methylisobutylamine in step (a) and N-benzyloxycarbonyl-L- 
leucine for N-(4-pyridinylmetfaoxycarbonyl)-L-leucine in the final step, the title 
compound was prepared as a white solid (1 15 mg, 67%). MS (ESI): 576.4 
25 (M+H)+ 
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fa8mp|g2Q3 

Prepararion of N.rN-f4-pvridinvlniethoxvcaibonvlVL-leucinvn-N'-r2-r4- 
thioinorpholino^thia2ol-4-vlcarfaonvnhvdrazide 

Following the procedure of Example 186(a)- 186(c). except substitating 
5 thiomorpholine for N-methylisobutylamine in step (a), the title cranpound was 
prepared as a white soUd (35 mg. 20%). MS (ESI): 493.4 (M+H)+. 

Preparation of N-(N-benzvloxvcarbonvl-L-leucinvn-N'-f2-f4- 
10 thiQmorpholino^thia2ol-4-vlcaTfaonvnhvdra2ide 

Following the procedure of Example 186(a)- 186(c), except substituting 
thiomorpholine for N-methylisobutylamine in step (a) and N-benzyloxycaibonyl-L- 
leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in the final step, the title 
con^wund was prepared as a white solid (20 mg, 20%). MS (ESI): 492.3 (M-i-H)+ 

IS 

Example 205 

Preparation of N-r2-f 2.3.ethvlenedioxv^methoxvphenvnthia2ol-4-vlcarbonvn-N'- 
fN-r4-pvridinvhnethoxvcaifaonvlVL.leucinvnhvdrazide 

Following the procedure of Example 1 12(a)- 1 12(g), except substituting 2.3- 
20 ethylenedioxy-4-methoxybromobenzene for 2-benzyloxybromobenzene in step (d). 
the title conqwund was prepared as a white solid (31 mg. 26%). MS (ESI): 556.4 
(M+H)+. 

Example 206 

25 Preparation of N-r2-fN.N-fbisV2.methvlpropvnaminolthiazol-4-vlcarbonvll-N'-fN- 
methvl-N-f3-pvridinvlmethoTvcarbonvn-L-leucinvllhvdra2ide 

Following the procedure of Example 186(a)-186(c), except substituting NJ^- 
diisobutylamine for N-methylisobutylamine in step (a) and N-methyl-N-(3- 
pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 

30 leucine in the final step, the title compound was prepared as a yellow solid (30 mg. 
30%). MS (ESI): 533.5 (M+H)+. 
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Example 207 

Preparation of N42-fN<vclooroiwlniethvl-N.fm^|wlaminn^»hi«r^ l.^^^ 
N'-fN-(4-PVridinvlm<^hoxvcaifaonvlVI^leucinvnhvdraMd«> 
5 Following the procedure of Example 186(a)- 186(c). except substituting N- 

cyclc^opylmethylpropylamine for N-metliylisobutylainine in step (a), the title 
compound was prepared as a yellow solid (60 mg, 23%). MS (ESI): 503.3 
(M+H)+ 

10 Example 208 

Preparation of N-rN-f4-DVridinvlmethoxvcartionvn- L.leucinvn-NI'-p.rff . 
QUinolvnthiazol^vlcarhonvnhvrfraTiH,> 

Following the procedure of Example 1 12(a)-l 12(g), except substituting 8- 
bromoquinoline for 2-benzyloxybromobenzene in step (d), the title conq)ound was 
15 prepared as a white soUd (134 mg, 56%). MS (ESI): 519.3 (M+H)+ 



Example 209 

Preparation of N-fN-methvl-N-r4-pvridinvlmethoxvcar honvlVI^l«icinvll-hr-r2-^^^ 
QUinolvnthiazol.4-vlcaifaonYnhvdra7ide 

Following the procedure of Example 1 12(a)-l 12(g). except substituting 8- 
bromoquinoline for 2-benzyloxybromobenz«ie in step (d) and N-mediyl-N-(4- 
pyridinylmethoxycai1>onyl)-L-leucine for N-(4-pyridinyhnethoxycaibony])-L- 
leucine in stq> (g), tiie titie con^wund was prepared as a white solid (53 mg, 22%). 
MS (ESI): 533.3 (M+H)+ 



192 



wo 97/16433 



PCT/US96/18000 



Example 2110 

Preparation of l>N-(N-Cbz4eucinvlVamino-3-N-f4-biDhenvl-sulfonvlVaiiii^^ 
propan-2-one 

a) 4-bipbenyl sulfonyl chloride 
5 4-Biphenyl sulfonic acid (2.4 g, 10 mmol) was heated to 100 C with 

phosphorus pentachioride (2.1 g, 10 mmol) overnight. The reaction was cooled to 
RT, diluted with water, filtered and washed with water. The solid was then 
triturated with EtOAc-ether and the beige solid was used in the next reaction 
without further purification. 
10 b) l-N-(N<:b24eucinyl)-amino-3-N-(4-biphenyl-sulfonyl)-anaino-propan-2K}ne 

Following the procedure of Example 5 1(a), except substituting "4-biphenyl 
sulfonyl chloride** for **4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chlcmde**, 
the tide compound was prepared: M S(ES) M-ir=SSO. 

15 

Preparation of 1-N>f N-^z-leucinvlVamino-S-N-fS-biDhenvl-sulfonvn-amino- 
propan-2-one 

a) 3-biphenyl-sulfonyl chloride 

20 3-Biphenyl bromide (9.3 g, 40 nunol) was dissolved in THF (40 ml) and a 

Grignard reagent was prepared in standard fashion with magnesium powder (1.2 g, 
50 nunol). The reaction was cannulated into a solution of sulfiiryl chloride (10.5 g, 
6.4 ml, 80 mmol) in hexanes (25 ml) and was strined at RT for 2h. The reaction 
was quenched with ice-water, extracted with ether, dried with magnesium sulfate, 

25 filtered, concentrated, and was used in the next reaction without further purification. 

b) l-N-( N-Cbz-leucinyl)-amino-3-N-(3-biphenyl-sulfonyl)-amino-propan-2-one 

Following the procedure of Example 51(a), except substituting "3-biphenyI 
30 sulfonyl chloride*' for ••4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride*', 
the title compound was prepared: MS(ES) M-H^-550. 
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E?campte212 

PlTPParatiOQ of N-Cb2-leucinvlVainino-3-N-r2>bemvlQYy .phenvKsulfftn 
ammo>prDPan>2-one 

5 a) 2-beQzyloxy-phenyl-suIfonyl chloride 

Following the procedure of Exanq)le 21 1(a), except substituting "2- 

benzyloxy-phenyl bromide " for "3-biphenyl bromide", the title compound was 

prepared and was used in the next step without further purification. 

10 b) l-N-( N-Cbz-leucinyl)-aniino-3-N-(2-benzyloxy-phenyl.sulfonyl)-ainin 
2-one 

Following the procedure of Example 5 1 (a), except substituting "2- 
benzyloxy phenyl sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy).phenyl 
sulfonyl chloride", the title compound was prepared: MS(ES) M+ir= 581, M+Na*= 
IS 604, 2M+Na^s 1185. 

PrpParation of l-N-r N-ai2-leucinvlVamino-3-N-f4-phenQYv>p henvl>sulfenvn. 
amino-propan-2-nne 

20 a) 4-phenoxy-phenyl-sulfonyl chloride 

Following the procedure of Example 21 1(a), except substituting "4-phenoxy 
phenyl bromide " for "3-biphenyl bromide**, the title compound was prepared and 
was used in the next step without further purification. 

25 b) l-N-i N-Cb2-leucinyl).amino-3-N-(4-phenoxy-phenyl-sulfonyl)-amino-propan-2- 
one 

Following the procedure of Example 51(a). except substituting "4-phenoxy- 
phenyl-sulfonyl chloride " for *'4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride", the title compound was prepared: MS(ES) M+HTs 568, M+Na*= 590. 
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Preparation of 1-N*f N-Cbz-leucinvn-amino-3-N-f2-dibenzofiiran-s^ 

a) 4-pheDOxy*pbenyl*sulfonyl chloride 
5 Following the procedure of Example 210 (a)» except substituting "2- 

dibenzofiiran-sulfonic acid" for "4-biphenyl-sulfonic acid", the title compound was 
prepared and was used in the next step without further purification. 



b) l-N-( N-Cbz-leucinyl)-amino*3-N-(2-dibenzofuran-sulfonyl)-amino-propan-2- 
10 one 

Following the procedure of Example 5 1(a), except substituting '*4-phenoxy 
phenyl sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride", the title compound was prepared: MS(ES) M+ir= 566, M+Na^= 588. 

15 faampteZlg 

Preparation of 1-N-f N-Cb2-teucinvn-annnc>-3-N-f3.4-dimethoxv-phenvl> sulfonvlV 

Following the procedure of Example 51, except substituting "3,4* 
dimethoxy-phenyl-sulfonyl chloride " for "4-(3*Chloro-2-cyano-phenoxy)-phenyl 
20 sulfonyl chloride", the title compound was prepared: MS(ES) M-i-ir= 536, 
M+NH4 = 553. 



Exffllplg?16 

Preparation of UN-C N>Cb2-leucinvn-amino-3-N>f2.5-dichlorothiophene>3> 
25 sulfonvlVamino-propan-2-one 

Following the procedure of Example 51, except substituting **2,5- 
dichlorothiophene-3-sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl 
sulfonyl chloride", the title compound was prepared: MS(ES) M'fNH4'=:: 567, 
2M+Pr=1101. 



195 



wo 97/16433 



PCT/US96/18000 



EMinplc217 

reparation of l-N-f N-Cbz-leucinvn-ainino-3-N-fnhenvl-siilfnnf .5-thiophene-2- 
sillfonvn-flininft-prfHMin-2-one 

Following the procedure of Example 51, except substituting " phenyl 
5 sulf(Mie-5-thiophnie-2-sulfonyl chloride " for ''4-(3-Chloro-2-cyano-phenoxy)- 
phenyl sulfonyl chloride", the title compound was prepared: MS(ES) M+ir= 622. 

Example 218 

ftwaration of l-N-r N-Cbz-leucinvn-ainino-^.N.r«.quinolini..«.lf» pvli.amino- 
10 Dropaii-2-Qne 

Following the procedure of Exan^le 5 1 , except substituting "8-quinohne- 
sulfonyl chloride " for "4-(3-ChIoro-2-cyano-phenoxy)-phenyl sulf(Miyl chloride", 
tile tide compound was prepared: MS(ES) M+H*= 527. 

15 EMinpte219 

Preparation of l-N-f N-Qiz-leucinvlVaminn-3-N-f2-nvridvl.si ilfenvn.aiiiinn. 
propan.2^ne 

FoUowing the procedure of Example 51, except substituting "2-pyri(fyl- 
suUbnyl chloride" (as described in 7. Org. Chan. 1989, 54, 392) for "4-(3-Chloro- 
20 2-cyano-i^oxy)-phenyl sulfonyl chl<mde", die tide conqxNind was prepared: 
MS(ES) M+ITs 477. M+ Na+ = 499. 
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Example 220 

Pieparation of 1-N-r N-Cb2.1eucinvlVaminQ-3>N-f2-pvridvl-sulfonvlVainino^ 

a) l-N-(N<!b2-leucinyl)-ainino-3-N-(4-phenoxy-phenyl-sulfonyl)-amm 
5 ol 

1,3-Diamino propan-2-oI (6.75 g, 75 imnol) was dissolved in DMF (100ml) 
and Cbz-leucine (20g, 75.5 mmol), HOBT-hydrate (1 Ig, 81.5 mmol), and EDCI 
(15.5g, 81.2 nimol) were added. The reaction was stirred overnight at RT. A 
portion of the reaction mixture (30 ml) was concentrated in vacuo, then ether (50 

10 ml) and MeOH (30 ml) were added. A IN solution of hydrochloric acid in ether 
was added (1 M, 30 ml) and a white gum formed, which was washed several times 
with ether. MeOH-acetone were added and heated until the gum became a white 
solid. The white solid was dissolved in DMF (25 ml) and DIEA (Sml), then 4- 
phenoxy phenyl sulfonyl chloride was added. The reaction was stirred for 2h, 

15 concentrated in vacuo, then chromatographed (silica gel, 1 : 1 EtOAc: hexanes) to 
provide the desired product as a white solid. 

b) Leucinyl-aniino-3-N-(4-phenoxy phenyl sulfonyI)-amino-propan-2-ol 

l-N-(Cbz-leucinyl)-aniino-3-N-(4-phenoxy-phenyl-sulfonyl)-amino-propan 
20 2-ol (l.Og, 1.8 mmol) was dissolved in EtOH (30 ml), then 10% Pd/C (0.22g) was 
added followed by 6N hydrochloric acid (2.5 ml), and the reaction was stirred under 
a baloon of hydrogen gas for 4h at RT. The reaction mixture was filtered, 
concentrated, and azeotroped with toluene to provide a white glass which was used 
in the next reaction without further purification. 

25 

c) l-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)- 
amino>propan-2-ol 

Leucinyl-aniino-3-N-(4-phcnoxy phenyl sulfonyl)-amino-propan-2-ol (0.36 
g, 0.76 nrniol) was dissolved in DMF (5 ml), then NMM (0.45 ml, 4 mmol) was 
30 added followed by 4-pyridyl acetic acid (0. 13g, 0.75 mmol) and HBTU (0.29g, 0.76 
nmiol) and the reaction was stirred at RT overnight. The reaction mixture was 
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concentrated in vacuo, then chnnnatographed (sUica gel, S%MeOH: methylene 
chloride) to provide the desired product as a white solid (90 mg, MS(ES): M+H''' = 
555. 

5 d) l-N-(N-4-pyridyl acetyl-leucinyl)-aiiiino-3-N-(4-phenoxy-phenyl-sulfonyl)- 
amino-propan-2-<Hie 

l-N-(N-4-pyridyl-acetyl-lcucinyl)-aniino-3-N-(4^)henoxy-phenyl-suIfonyl). 
amino-propan-2-ol (45 mg, 0.08 mmol) was dissolved in acetone (5ml), then IN 
hydrodiloric acid (2 ml) was added. The reaction was concentrated in vacuo, then 

10 redissolved in acetone. Jones reagent ( 1 .5 M. several drops) was added and the 
reaction mixture was stincd for 6h at RT. Isopropanol (0.5 ml) was added and the 
reaction mixture was concentrated in vacuo. The reaction was diluted with pH 7 
buffer and then was extracted with EtOAc, dried with magnesium sulfate, filtered, 
concentrated in vacuo, then chromatographed (silica gel, 5% MeOH-methylene 

15 chloride) to give the desired product as a white soUd (27 mg, 50%): MS(ES): 
M+H+ = 553. 

Example 221 

ggpantion of l-N-( N-2-Pvridvl-.<ulfonvl-leiicinvlV.amiiiQ-3.N-fA.ph^niM;Y- 
20 Dhenvl-gulf(rmvlV.aminn-pmpatt.2wift^ 

Following the procedure of Example 220(aHd). except substituting "2- 
pyridyl-sulfonyl chloride" (as described in J. Org. Chem. 1989, 54, 392) for "4- 
pyridyl-acetic acid and HBTU", the tide conqMnmd was prepared: MS(ES) M+ir= 
475, M+ Na+ = 497, 2M+ Na+ = 1171 . 

25 

E>^?mpk 222 

Prepgratipn of l-N-(N-mon)holino-carfaonvl-leucinvn-amino-3-N- f 4-phenoxv- 
Dhenv»-5;iilfonvn-;^mino-prnpan-2-npf. 

Following the procedure of Example 220(a)-(d), except substituting " N- 
30 morpholino-carbonyl chloride" for "4-pyridyl acetic acid and HBTU", the title 
compound was prepared: MS(ES) M+jr= 547, M+ Na+ = 569, 2M+ Na+ =1115. 
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EMnipte223 

Preparation of l-N-f N-4-pvridvl-caifafmvl-leucmvl)-aiiiino-3-N-r4-Dhenoxv- 
phenvl-sulfonvlV-amino-DroDaii-2-one 
5 Following the procedure of Exan^le 220(aH<l). except substituting " 4- 

pyridyl-caiboxylic acid" for "4-pyridyl acetic add the title compound was 
prepared- MS(ES) M+H** 539. 

Example 224 

10 Preparation of 1-N-f N-acetvl-leucinviVamino-3-N-(4-phenoxv-phenvl-sulfonvn- 
amino-prooan.2-one 

Following the procedure of Example 220(a)-(d), except substituting "acetyl 
chloride" for "4-pyridyl-acetic acid and HBTU", the title compound was prepared: 
MS(ES) M+ir= 476, M+ Na+ = 498, 2M+ Na+ = 973. 

IS 

Example 225 

Preparation of 1-N-f N-imidazole acetvl-leucinvlVamino-3-N-(4-Dhenoxv-Dhenvl- 

snlfffnyl)-8miiMMnw«n-2-ong 

Following the procedure of Example 220(aH<l)> except substituting 
20 "imidazole ac^c add" for "4-pyridyl acetic acid", the title compound was prepared: 
MS(ES)M+ir=542. 

Example 226 

Preparation of l-N-f N-4-carfaoxvmethvl benzovl-leucinvn-amino-3-N-f4-phenoxv- 

25 phenyl-sulfonyl)-wMno-propan-2-<?ne 

Following the procedure of Example 220(a)-(d). except substituting "4- 
carboxymethyl benzoic acid" for "4-pyridyl acetic acid", the title compound was 
prepared: MS(ES) M+ir= 596, M+ Na+ = 618, 2M+ Na+ = 1213. 
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E?Minpte 227 

PreparaUon of l-N-( N-fN.N-dimethvl glvcinvn-leucinviVaininn.^.N-/4.pt, ^ m i ^Y . 

Phenvl-sulfonvn-aniino-prnpafi.2.ftn«» 

Following the procedure of Example 220(aHd), except substituting "N JJ- 
5 dimethyl glycine" for "4-pyridyl acetic acid", the title conqwund was prepared: 
MS(ES)M-»-ir=519. 

Example 228 

Preparation of l-N-( N-8-QUinoline-Sulfonamide-leiicinvlV.afnitio-^ -N-f4-phenoicy. 
10 phenvl-sulfonvn-amino.pmiMiii-2-one 

Following the jwocedure of Example 220(a)-(d), except substituting "8- 
quinoline sulfonyl chloride" for "4-pyiidyl-acetic acid and HBTU", the title 
compound was prepared: MS(ES) M+H*s 62S. 
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ExMnpte22? 

Preparation of 1-N-f N4 ^z-leucinvlVamino>3>N>f8-quinoline<ari^ 
prQpan>2>one 

1,3-Diaimno piopan-2-ol (6.75 g, 75 mmol) was dissolved in DMF (lOQml) 
5 and Cbz-leucine (20g, 75.5 mmol), HOBT-hydratc (1 Ig, 81.5 mmol), and ETXU 
(15.5g, 81.2 mmol) was added. The reaction was stirred overnight at RT. A portion 
of the reaction mixture (30 ml) was concentrated in vacuo, then ether (50 ml) and 
MeOH (30 ml) were added. A IN solution of hydrochloric acid in ether was added 
(1 M, 30 ml) and a white gum formed, which was washed several times with ether. 

10 MeOH-acetone were added and heated until the gum became a white solid. The 
white solid (0.44g, 1.1 mmol) was dissolved in DMF (3 ml) and NMM (0.33ml, 0.3 
mmolX then 8-quinoline caiboxylic acid (0.17g, 1.0 nmiol), and HBTU (0.38g, 1.0 
mmol) were added and the reaction was stirred at RT overnight. Tlie reaction 
mixture was concentrated in vacuo, then chromatographed (silica gel, 7:2 EtOAc: 

IS hexanes). The solid was then dissolved in acetone (5ml), then IN hydrochloric acid 
(2 ml) was added. The reaction was concentrated in vacuo, then redissolved in 
acetone. Jones reagent (1.5 M, several drops) was added and the reaction mixture 
was stirred for 6h at RT. Isopropanol (0.5 ml) was added and the reaction mixture 
was concentrated in vacuo. The reaction was diluted with pH 7 bidfer and then was 

20 extracted with EtOAc, dried with magnesium sulfate, filtered, concentrated in 

vacuo, then chromatographed (silica gel, 5% MeOH-metbylene chloride) to give the 
desired product as a white solid (23 mg, 41%): MS(ES): M+H+ = 491. 



Exampte 230 

25 Preparation of 1-N-f N-Cbz>leucinvlVamino-3-N>(6^uinoline-carbonvn>amino- 
propan>2^ne 

Following the procedure of Example 229. except substituting "6-quinoline' 
carboxylic acid" for "8-quinoline carboxylic acid the title compound was 
prepared: MS(ES) M+ir= 491. 
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EMmpte231 

Preparation of 1-N-f N-Cbz-leucinvlVflminn--UN-r2-r4.hiphi>t ^lV4-Tnethvl. 
wtiDanamideV.pmpan-'?-^^ 

Following the procedure of Example 229, except substituting ''2-isobutyl-4- 
5 biphenyl acetic acid " for "8-quinoline carboxylic acid the tiUe compound was 
prepared; MS(ES) M+ir= 586, M+ Na+ = 608, 2M+ Na+ = 1 193. 

Example 232 

Preparation of 1-N-f N-Cbz-leucinvn.amino-3.N.r N ^pvriHvl.n«.thyli.n^ ,;y 
10 carfaonvl-leucinvlVaininft -propan.2^ne 

Following the procedure of Example 229, except substituting "4-pyridyl 
methylencoxy carbonyl leucine" for "8-quinoline-carboxylic acid ", the title 
conqiound was prepared: MS(ES) M-i-ir= 584. 

15 Example 23 ■> 

PreParatiPn of l-N-f N-Cbz-leucinvlV.aniino-3-N.nvifizovlVamino-p ro nan-2.^n^ 

Following the procedure of Exanq>le 229, except substituting "benzoyl 
chloride" for "8-quinoline caiboxylic add and HBTU", the title compound was 
prepared: MS(ES) M+ir= 440, M+ Na+ = 462, 2M+ Na+ = 901. 

20 

Example 2^ 

Preparation of l-N-( N-Cbz-leucinvlVaminn-^-N-f2 4-dimethvl-Vsulfonvn-iimino- 

Following the procedure of Example 51, except substituting "2.4-dimethyl- 
25 3-sulfonyl chloride" for "4-(3-Chloro-2-cyano-phcnoxy)-phenyl sulfonyl chloride", 
the title compound was prepared: MS(ES) M-flTs 494. 
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Example 235 

Preparation of l-N-rN4^-leucinvn-amin<>-3-N-f L3-dimethvl-S-chloro- pyrazole- 
4-sulfonvn-ainino-propflii-2.^iie 

Following the procedure of Example 51, except substituting "l^-dimethyl- 
5 5-cbloro- pynizole-4-sulfonyl chloride" for "4-(3-ailoio-2-cyano-phenoxy)-phenyl 
sulfonyl diloride", the title compound was prepared: MS(ES) M+lTs 494. 

Example 236 

Preparation of l-N-fN.4-pvridvl-metiivleneoxv carbonvl-leucinvn-amino-3-N-r4- 
10 phenoxv-phenvl.sulfonvn.amino-propan-2-one 

Following the procedure of Example 213(a), except substituting "4-pyridyl- 
methyleneoxy carbonyl-leucine" for " Cbz-leucine", the titie compound was 
prepared: MS(ES) M-f ir= 569. 

IS Exaii^ple237 

Preparaticm of 1-N-f N-3-pvridyl-methvleneoxv carfaonvl-leucinvlVainino-3-N-f4- 

phenoxv-phenvl-sulfonvn-amino.ptDpan-2-one 

Following the jxocedure of Example 213(a), except substituting "3-pyridyI- 

methyleneoxy caibonyl-leucine" for " Cbz-leudne", the titie compound was 
20 prepared: MS(ES)M+ir= 569. 

Example 238 

Preparation of 1-N-r N-2-pvridvl-methvleneoxv-carbonvl-leucinvlVamino-3-N-(4- 
phenoxv-phenvl-sulfonvn-amino-propan-2-one 
25 Following the procedure of Example 213(a), except substituting "2-pyridyl- 

methyleneoxy caibonyl-leucine" for " Cbz-leucine", the titie compound was 
prepared: MS(ES) M+K^ 569. 



203 



wo 97/16433 



PCT/US96/I8000 



EMinpte239 

Preparation of 1-N-f N-4-cart)OXV-ben7.nvl-teiicinvn-aniinn-'^- fJ.r4-phenftYy- 
phenvl-sulfenvlVa^^no.pmpini.l.ftt.g 

l-N><4Haiboxyinetliyl-beii2oyl-leucmyl)-ainino-3-N<^^ 
5 sulfonyl)-aiiiino-propan-2-one (0.105g, 0.176 minol) was dissolved in MeOH (5 ml) 
and water (1 ml), then UOH-bydrate (15 mg, 0.35 nunol) was added and the 
reaction was stuied at RT for Ih. The reaction was dUuted with water, acidified 
widi 6N hydrochloric acid (1 ml), then wiA EtOAc (2x10 ml). The combined 
organics were dried with magnesium sulfate, filtered, concentrated, 
10 chromatographed (silica gel, 50:50: 1 EtOAc: hexanes: AcOH) to give the desired 
product as a white solid (35.6 mg, 35%): MS(ES) M+K= 582, M+ Na+ s 604. 

Example 240 

Preparation of l-N-( N-Me.N-rh7.lM.rinvn-amino-^- N-r4-phenn«v-ph«>nyl. 
15 sulfonvlVafnino-propan-7--ffp«. 

Following the procedure of Exan4>le 213(a), except "N-Me-N-Cbz-leucine" 
for " Cbz-leucine", the tide compound was prepared: MS(ES) M+ITs 582, M+ Na+ 
= 604, 2M+Na+= 1185. 

20 Exaii^ple241 

PrePWatiOn of 1-N-f 4-PfaenQXV ben7:ovlVamino-3-N-(4-nheiin«v-p h envl- sulfonyl^ 
amino-pmpaii-2-mM> 

Following the procedure of Exanq>le 213(a), except "4-phenoxy benzoic 
acid " for " Cbz-leucine". the tide compound was prepared: MS(ES) M-fir= 517, 
25 M+ Na+ = 539, 2M+ Na+ = 1055. 
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F.«flnip1e242 

Preparation of l-N.(3-phenoxv-ben7JivlV-ammo-3-N-r4-Dhenoxv-phenvl- snlfonvlV 
amino-propan-a-one 

Following the procedure of Exanq)le 213(a), except "3-pbenoxy beiu»ic 
S acid " for " Cbz-leucine", the title compound was prepared: MS(ES) M-fH*s 517, 
M+ Na+ = 539, 2M+ Na+ = 1055. 

Example 243 

Preparation of l-N-r4-phenoxv ben20vn-amino-3-N-(4-phenoxv-phenvl. sulfonvlV 

10 aming-propa^Ti-Z-gne 

Following the procedure of Example 213(a), except "4-phenoxy benzoic 
acid " for " Cbz-leucine", the title compound was prepared: MS(ES) M-i-ir= 517, 
M+ Na+ = 539, 2M+ Na+ = 1055, M-H+ = 515. 

15 Example 244 

Preparation of l-N.r4-biphenv1 acetvlVamino-3-N-f4-^henoxv-whenvl-fiu1fanvn. 

amino-propan.2-mie 

Following the procedure of Exan^le 213(a), except "4-bipbenyl acetic acid 

" for " C!bz-leucine", the title conq)Ound was i»epared: MS(ES) M4Hs 515, M-i- 
20 Na+ = 537, 2M+ Na+ =1051. 

Example 245 

Preparation of l~N~f2-ben7vloxv benzovn-amino-3-N-f4-phenoxv-phenvl- 
sulfonvn-amino-propan-2-one 
25 Following the procedure of Example 2 13(a), except "2-benzyloxy- benzoic 

acid " for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*s 531, 
M+ Na+ = 553, 2M+ Na+ = 1083. 
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Example 246 

Preparat i on of 1-N-f N-<n)Z-leucinvlVamiiK>-3-N-f4.ben7.vloYv-lv.t i 2iwlVaimn 

Following the procedure of Example 229, except substituting "4-ben2yloxy- 
S benzoic acid" for "S-quinoUne caiboxylic acid the title compound was prepared: 
MS(ES) M+ir= 546, M+ Na+ = 568, 2M+ Na+ = 1 1 13. 

Examplg 247 

PreParatipnof l-N-r2-(4-biDhenvn-4-methvl-p»iitflniidoV3-N-/4- phenoxv.phenvl- 
10 sulfonvlVamino-propan-2-one 

Following the procedure of Example 213(a), except 2-{4-biphenyl)-4- 
methyl-pentanoic acid " for " Cbz-leucine", the title compound was inepared: 
MS(ES) M+ir= 571, M+ Na+ = 593. 

15 Example 248 

Preparation of l-N-f2-f3-biDhenvn-4-inethvl-pentaniidoV3-N-r4.plienoxv. phenvl- 
i5ulfonvlV.aiiiiiiiv.pwipan-2^ne 

a) 3-bnmio-phenyl methyl acetate 

3-Bromo phenyl ac^c acid (2.15g, 10 mmol) was dissolved m edier, then 
20 was treated wiA a solution of diazomethane until the yellow color persisted. The 
reaction was thra quenched with AcOH, concentrated in vacuo and was used in the 
next reaction without further purification. 

b) 3-biiriienyl methyl acetate 

3-bromo-phenyl methyl acetate (2.29g, 10 mmol) was dissolved in toluene 
25 (30 ml). Then, phenyl borc»iic acid (1.46g, 12 mmol) was added followed by 
aqueous sodium carbonate (2M, 4.24 ml, 40 mmol), then 
tetrakis(triphenylphosphine) palladium (0.35g, 0.3 mmol) and was refluxed 
overnight. The reaction was cooled to RT, diluted with saturated ammonium 
chloride, then extracted with EtOAc (2x10 ml). The combined organics were 
30 dried with magnesium sulfate, fdtered, concentrated, and chromatographed (silica 

206 



wo 97/16433 



PCT/US96/18000 



gel 5% EtOAc: hexanes) to provide the desired product as a white solid (1.93g, 
84%): MS(ES):M+ir=263. 

c) 3-biphenyl acetic acid 

5 3-Biphenyi acetyl methyl ester was dissolved in MeOH (40 ml) and water (6 

ml), then LiOH-bydrate (0.7g, 16.8 mmol) was added, and the reaction was stirred 
at RT for 2h. The reaction was diluted with water, acidified with 6N hydrochloric 
acid (1 ml), then with EtOAc (2 x 10 ml). The combined organics were dried with 
magnesium sulfate, filtered, and concentrated to give the desired product as a white 
10 solid (1.66 g, 93%): IH NMR: d: 7.6-7.25 (m, 9H), 3.7 (s, 2H) 

d) 3-(4-biphenyl)-4-methyl-pent-4-enoic acid 

nBuLi (3.26 ml, 1.6 M in hexanes) was added dropwise to a solution of 
diisopropyl amine (0.74 ml, 5.3 nunol) in THF (6 ml) at 0 C. The reaction was 

15 stined for IS minutes, then was cooled to -78 C 3-Biphenyl acetic acid (0.5g, 2.35 
mmol) wasa dissolved in THF (2 ml) and was added dropwise to the LDA solution. 
The reaction was warmed to 0 C, stirred 40 minutes, then cooled to -78 C. 
Isobutenyl bromide (0.475g, 3.52 nunol) was added and the reaction was stirred for 
Ih. Water (2 ml) was added and the THF was removed in vacuo. The reaction was 

20 diluted with water, acidified with 6N hydrochloric acid (1 ml), then with EtOAc (2 
X 10 ml). The combined organics were dried with magnesium sulfate, filtered, 
concentrated, chromatogn^hed (silica gel, 5% MeOH: methylene chloride) to give 
the desired product as a white solid (1.66 g, 93%): IH NMR: d: 7.6-7.3 (m, 9H), 
4.75 (d, 2H), 3.87 (t, IH), 2.87 (dd, IH), 2.50 (dd, IH), 1.70 (s, 3H). 

25 
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e) 3-(4-biphenyl)-4-methyl-pentanoic acid 

3-(4-Biphenyl)-4-iiiethyl-pent-4-enoic acid (0.5g. L87 imnol) was dissolved 
in EtOAc (25 ml). Then, 10% Pd/C (60 mg) was added and the reaction was stined 
for 2.5 h under a balloon of hydrogen gas. The reaction was filtered, concentrated 
5 in vacuo, then was redissolved in 1:5 EtOAc: EtOH (15 ml). Then, 10% Pd/C (80 
mg) was added and the reaction was stined under a balloon of hydrogen gas 
overnight. The reaction was filtered, concentrated in vacuo, and chromatographed 
(silica gel, 5% MeOH: methylene chloride) to give the desired product as a white 
soUd (1.66 g, 93%): IH NMR: d: 7,6-7.3 (m, 9H), 3.7 (t. IH), 2,07-1.95 (m, IH), 
10 1.8-1.7 (m, IH), 1.6-1.45 (m, IH). 



f) l-N-(2-(3-biphenyl)-4-methyl-pentamido)-3-N-(4-phenoxy-phenyl-sulfonyl)- 
amino-propan-2-one 

Following the procedure of Example 213(a), except 3-(4-biphenyl)-4- 
methyl-pentanoic acid " for " Cbz-ieucine", the title compound was prepared: 
MS(ES) M+H = 571, M+ Na+ = 593. 



Exampte249 

20 Preparation of l-N-f3-biphenvl acetvlVamino>3>N-(4-phenoxv-phen y l-sulfonylV 
amino-propan^^-^H^^ 

Following the procedure of Example 213(a), except "3-biphenyl acetic acid 
" for " Cbz-leucinc", the title compound was prepared: MS(ES) M+H*= 515, M+ 
Na+ = 537. 2M+Na+= 1051. 
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EMHiplg 250 

Preparation of 1-N«f N-4^pvridvl acetvl-leucinvlVamino-3-N-f2-benzvloxv- ohenvN 
SMlf9BylV^»niOTrop4n-?"QBg 

a) l-N-(N-Boc-leucinyl)-amino-3-N-(2-ben2yloxy pbenyl-suIfonyl)*ainino-propan* 
5 2-ol 

l,3-Diamino-propan-2-ol (3.375g, 37.5 mmol) was dissolved in DMF (60 
ml). Then HOBT-hydrate was added (5.5g, 40.7 mmol), followed by Boc-L-leucine 
(9.34g, 37.5 mmol) and EDO (7.77g, 40.7 mmol). The reaction was stirred for 4h, 
then diluted with DMF to make a stock solution of a total volume of 100 ml (0.375 
10 mmol/ml). The stock solution (18 ml, 6.75 mmol) was treated with NMM (0.89 ml. 
7.28 mmol), then 2-benzyloxy phenyl sulfonyl chloride (L9g, 6.72 mmol). The 
reaction was stirred an additional 2h, then was diluted with water, extracted with 
EtOAc, dried with magnesium sulfate, filtered, concentrated, and chromatographed 
(siUca gel, 20% EtOAc: hcxancs): MS(ES) M+ir= 550. 

15 

b) l-N-(leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)-aniino-propan-2-ol 

l-N-(Boc-leucinyl>amino-3-N-(2-benzyloxy phenyl sulfonyl)-amino- 
propan-2H>l (0.7g, 1.3 mmol) was dissolved in 1:1 TFA: DCM (50 ml) and was 
stirred at RT for 2h, concentrated in vacuo and was used in the following reaction 
20 witiiout further purification: MS(ES) M+ITs 450. 

c) l-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)- 
amino-propan-2-one 

Following the procedure of Example 220(b)*(c), except substituting "1-N* 
25 leucinyl-amino-3-N-(2-ben2yloxy phenyl sulfonyl)-amino-propan-2-or 

for " N-leucinyl-amino-3-N-(4-phcnoxy phenyl sulfonyl)-amino-propan-2-ol the 
titie compound was prepared: MS(ES) M-t-ir= 567. 
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Example 251 

PrpPMation of 1-N-r N-4-nvridvl cartionvl-leucinvlVainino-3. N-f2.henTvlnTv. 
Dhenvl-sulfonvlVMnino-pmpan-2^nft 

Following the procedure of Example 250(aHc). except substituting "4- 
5 pyridyl caiboxylic acid" for "4-pyridyl acetic add the title compound was 
prepared: MS(ES) M+ir= 553. 

Example 252 

Preparation of 1-N-f N-4-imida7ole acetic-leucinvl^.amino.3 .N.r2-ben7vloxy- 
10 DhenvI-sulfonvn-aniino-pmpan-2.Qne 

Following the procedure of Example 250(a)-(c), except substituting "4- 
imidazole acid" for '•4-pyridyl-acetic acid ", the title compound was prepared: 
MS(ES)M+ir=556. 

15 Example 253 

Preparation of 1-N-f N-( NJJ-dimethvl glvcvn -leucinv]^-amino-3-N-r2.hi.nTvlnTv- 
Dhenvl-sulfonvlVamiiM>.piiopan-2^ne 

Following the procedure of Example 2S0(aHc), except substituting "N,N- 
dimetfayl glycine" for "4-pyridyl-acetic acid the title compound was prepared: 
20 MS(ES)M+ir=533. 

Example 254 

Effinaration of l-N-T N-fN-methvl nrolvl-ieiiciiivlV-amino-3-N-r 2-benzvloTv- 
phenvl-sulfonvlVafiiino-propan-2-nne 

25 Following the procedure of Exanq>le250(aHc). except substituting "N- 

methyl proline" for "A-pyhdyl acetic acid ", the title «mqK>und was prepaied: 
MS(ES)M+ir=559. 

Example 255 

30 Preparation of I-N-f N-fN-methvl piperidine-4-caibonv!^.leii c invlVaminn.3.N-r7- 
benzvl0XV-phenvl-sulfonvn-aininn .propan.2-one 
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Following the procedure of Example 250(aHcX except substituting "N- 
inetbyl-pipendine-4-caiboxyllc acid" for "4-pyridyl acetic acid the title compound 
was prepared: MS(ES) M-fir= S73. 



5 fa^ampk 256 

Preparation of 1-N-r N-rN-methvl piperidine-4.caifaonvlV-leucinvlV-aniino-3-N-r2- 
riihenzofiiran-sulfonvn-amino-DfODan-2-one 

Following the procedure of Example 250(a)-(c), except substituting "N- 
methyl-piperidine-4-carboxylic acid" for "4-pyridyl acetic acid " and "2- 
10 dibenzofiiran sulfonyl chloride" for "2-benzyIoxy phenyl sulphonyl chloride" the 
title compound was prepared: MS(ES) M-fiTs 557. 



foampte257 

Pweparation of 1-N-r N^.fnethvl prolvn-leueinvn-anMno-3-N.(2-dibenzofiiran- 
15 sulfoiivn-anuno-propan-2-one 

Following the procedure of Example 250(aHc). except substituting " N- 
methyl proline " for "4-pyiidyI acetic add " and "2-dibenzofuran sulfonyl chloride" 
for "2-benzyloxy phrayl sulphcmyl chloride" the title compound was prqiared: 
MS(ES)M-firsS43. 

20 

Example 258 

Preparation of 1-N-f N-r N N-dim ethvl glvcvn-leucinvlVamino-3-N-f-f2- 
dibenzofuran-sulfonylVamin o-propan-2-one 

Following the procedure of Exanq>le 250(a)-(c), except substituting NJ>]- 
25 dimethyl glycine " for "4-pyridyl acetic acid " and "2-dibenzofuran-sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 
prepared: MS(ES) M+ir= 517. 
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EMniple 259 

Preparation of 1-N-f N-4-imida70le acetic-leucinvlV.aininn.3-N.f2-dihpny^fii«iT||- 
sulfonvlVamino-propan-2-one 

Following the procedure of Example 2S0(aHc), except substituting "4- 
5 , imidazole acetic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 
prepared: MS(ES) M+ir= 526. 

Example 260 

10 Preparation of 1-N-f N-4-Dvridvl caifaonvl.leucinvn.afninn.^. N-f2-diben7nfiin.n- 
sulfonvlVamino-propan-2-one 

Following the procedure of Example 250(a)-(c), except substituting "4- 
pyiidyl carboxlic acid" for "4-pyiidyl acetic acid " and "2-dibenzofiiran sulfonyl 
chloride" for "2-benzyioxy phenyl sulphonyl chloride" the title compound was 

15 piepaied: MS(ES) M+ir= 537. 

Example 261 

aaaatiop of l-N-( N-4-pvridvl acetvl-leucinvn.amino.3-N 2-diben2ofiiran- 
sulfonvn.flminft-pftpan.9^nfi 
20 Following the procedure of Example 2S0(aHc). except substituting "2- 

dibenzofuran sulfonyl chlcxide" for "2-benzyloxy phenyl sulphonyl chloride" the 
tide compound was prepared: MS(ES) M-i-H*= 551. 

Example 262 

25 PiCParation of 1-m N-4-imidazole-acrvlvl-leucinvn-amin o-3-N-f2-d»hen7nfiiran. 
sulfonYlVaminfi-propafi-2-one 

Following the procedure of Example 250(a)-(c), except substituting "4- 
imidazole-aciyic acid" for "4-pyridyl acetic acid " and "2-dibenzofiiran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 
30 prepared: MS(ES) M+H = 552. 
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Preparation of 1-N-f N-pyrazole-carfK>nvl-l eucinvlVaimno-3-N-f2-dibeiizofii 
5sulfQnvlVaimno-proDan-2-Qiie 

Following the procedure of Example 2S0(a)-(c), except substituting 
S "pyrazole carboxylic acid'* for "4-pyridyl acetic acid " and **2-dibenzofuran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 
prepared: MS(ES) M+ir= 538. 

Exmnpte 264 

10 Preparation of 1-N-f N-benzoyl-leucinvlVamino-3>N-f8-Quinoline-sulfonvn-amino> 

Following the procedure of Example 250(a)-(c), except substituting 
"benzoic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for "2- 
benzyloxy phenyl sulphonyl chloride" the tide compound was prepared: MS(ES) M 
15 +ir=497. 

Preparation of 1-N-f N-2.S-difluo fo-benzovl-leucinvn-amino-3-N-f8-quinoline- 

^Hlfi)nylVammQ-pTOpan-2-M£ 
20 Following the procedure of Example 250(a)-(c), except substituting "2,5- 

difluoro-benzoic acid" for "4-pyridyI acetic acid " and "8-quinoline sulfonic acid" 
for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 
MS(ES)M+ir= 535. 

25 Example 266 

Preparation of l-N-( N-2.5-difluoro-phenvl acetyl -leucinvn-amino-3-N-f8- 

quinoline-sulfonvlVamino-propan-2-one 

Following the procedure of Example 250(a)-(c), except substituting "2,5- 

difluoro- phenyl acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic 
30 acid" for "2-benzyloxy phenyl sulphonyl chloride" the tide compound was prepared: 

MS(ES)M+ir=547. 
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Example 267 

Preoaration of 1-N-f N-phenvl aceM.leucinvlVainino-3-N-f8 -Quinoline.sulfonvlV 
amino.pmpan-2.^ft 

5 Following the procedure of Exaii4)le 2S0(a)-(c), excq>t substituting "phenyl 

acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for "2- 
benzyloxy phenyl sulphonyl chloride" die title compound was pi^pared: MS(£S) M 
+ir=511. 

10 Example 268 

Preparation of 1-N-f N-4-Dvridvl acetvl-leucinvn-amino-^-N-r« -quinoline- 

sulfonvlVamino-DrQpan.2.^ne 

Following the procedure of Example 250(a)-(c), except substituting "4- 

pyridyl acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for 
15 "2-benzyloxy phenyl sulphonyl chloride" the title conqxMind was prepared: MS(ES) 

M+ir=512. 

Example 260 

Reparation of 1-N-r N-4-Pvridvl ca^faoBvl-lelleinvn-^»minft.^■ N■f8-quinoline- 
20 sulfonvlV.amino-propan-2-one 

Following the procedure of Example 2S0(a)-(c), except substituting "4- 
pyridyl caiboxylic acid" for "4-pyridyl acetic acid " and "8-qinnoline sulfonic acid" 
for "2-benzyloxy phenyl sulphonyl chloride" the title cranpound was prqored: 
MS(ES)M+irsr498. 
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Rxample 270 

Preparation of l-N-( N -4-imidazole ac^rvl-teiicinvlVainino-3-N.f8-auinoline- 
sulfonvn-amino-propan-2-one 

Following the procedure of Exaiiq>le 2S0(a)-(c), except substituting "4- 
5 imidazole acetyl acid" for "4-pyridyl acetic acid " and "S-quinoline sulfonic acid" 
for ''2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 
MS(ES) M+ir= 501. 

Example 271 

10 Preparation of 1-N-f N-3-ph envl propionvl-leucinvlV-amino-3-N-f8-Quinoline- 
Milfnnyl^.afnino.pmpan-2-one 

Following the procedure of Example 250(a)-(c), except substituting 
"hydrocinnamic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for 
"2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES) 

15 M+ir=525. 

Example 272 

Preparation of bis-N.N'-r N^pvridvl methvleneoxv caibonvMeucinvlVl.3- 
diainino-propan-2-one 
20 Following the procedure of Example 37. except substituting "4-pyridyl- 

roethyleneoxy-caibonyl-leucinyl " for "Cbz-leucine " , the title con4)ound was 
prepared: MS(ES) M+ITs 585. 

25 Preparation of bis-N.N'-f N-3-pvridvl methvleneoxv-carbonvl-leucinvn-1.3- 
diamino.propan-2^ne 

Following the procedure of Example 37, except substituting "3-pyridyl- 
methyleneoxy-carbonyl-leucinyl " for "Cbz-leucine " , the title compound was 
prepared: MS(ES) M+ir= 585. 
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Example 274 

Preparation of his-N.N'-f N-2-PVridvl methvlenemcv carbonvl-lMirip Y iVI ? - 
diamino-pmpan-?-ftnff 

Following the procedure of Exaiiq>le 37. except substituting "2-pyri^I- 
5 methyleneoxy-carbonyl-leucinyl " for "Cbz-leucine " , the title conq)ound was 
prepared: MS(ES) M+H = 585. 

Example 275 

Preparation of l-N-r N-Cbz-leucinvn-amino-^-N.(2-benrvlnYY - beny.ftvn-flniin^ 
10 propan-2-one 

Following the procedure of Example 229. except 2-benzyloxy-benzoic acid" 
for "S-quinoline-carboxyUc acid ". the tide compound was prepared: MS(ES) M 
+ir=546. 

13 Example 276 

Preparation of 1-N-f N-Cbz-leucinvn.amino-:t-N.f^- henzvloxv-h«iTOvlVamiiin- 

Pffppan-2-ons 

Following the procedure of Exanq>le 229. except "3-benzyloxy benzene 
acid" for "8*quinoline caiboxylic acid the title compound was pi^aied: MS(ES) 
20 M+H**546. 

Example 277 

aaaatiOD of 1-N-f N-Cb2-leucinvlVamino-3-N-f4.biplienvl-a.;ffrYl)-?lHin^h 

25 Following the procedure of Exanq)le 229, except "4-biphenyl acetic acid" 

for "S-quinoUne caiboxylic acid die title compound was prepared: MS(ES) M 
+ir=530. 
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SHtfQpyllVaminp'propai>-2-9yig 

Following the procedure of Example SI, except substituting "2- 
5 carboxymethyl thiophene-3-sulfonyl " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl 
sulfonyl chloride", the title compound was prepared: MS(ES) M-ir=S40. 

Examplg 279 

Preparation of l>N-f N-Cbz-leucinvn-amino-3>N-methvl>N-f N>Cbz>leucinvlV 

10 fflainp-prppw^-?-9ne 

a) N-(Cbz-leucinyl>-aiiiino-propene 

N-Cbz-leucine (3.Qg, 1 1.3 nunol) was dissolved in DMF (SO ml), then NMM 
(1.3g, 12.4 nunol) was added, followed by allyl amine (0.6Sg, 0.8S mmol), and 
HBTU (4.3g, 1 1.3 mmol) and the reaction was stirred overnight at RT. The reaction 
1 S was diluted with water, extracted with EtOAc, dried with magnesium sulfate, 
filtered, concentrated, and chromatographed (silica gel, 40% EtOAc: hexanes): 
MS(ES)M+ir=305. 

b) N-(Cbz-leucinyl)-amino-propene oxide 
N-(Cbz-leucinyl)-amino-propene (2.9Sg, 9.7 nunol) was dissolved in 

methylene chloride (100 ml), then mCPBA (S.Og, 29. 1 mmol) was added and the 
reaction was stirred overnight. The reaction was diluted with saturated aqueous 
sodium bicarbonate, extracted with EtOAc, dried with magnesium sulfate, filtered, 
concentrated, and chromatographed (silica gel, 50% EtOAc: hexanes). 

c) 1 -N-(Cbz-leucinyl)-amino-3-N-methyl-amino-propan-2-ol 
N-(Cbz-leucinyl)-aniino-propene oxide (400 mg, 1.25 mmol) was dissolved 

in isopropanol (5 ml), then aqueous methyl amine (2 ml) was added and the reaction 
was heated to 70 C in a sealed bomb for 2h. The reaction mixture was concentrated 
in vacuo and was used in the next reaction without further purification. 
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d) l-N-( N-Cbz-leucinyl)-amino-3-N-methyl-N-( N*Cbz-leucinyl)-ainino-propan>2- 
one 

Following the procedure of Example 229(a), except substituting "l-N-(Q>z- 
leucinyl)-ainino-3-N-methyI-amino-propan-2-ol " for "S-quinoline carboxylic acid 
5 the title compound was prepared: MS(ES) M+H*= 597. 

Example 280 

Preparation of 1-N-f N-Cbz-leucinvlVamino-3-N-methvUN-r N^-pyrirfyU 
methvloxv-carfaQnvMeucinvlV amino-propan-2-one 
10 Following the procedure of Example 279(a)-(d), except substituting "4- 

pyridyl-methyleneoxy-caibonyl leucine " for "Cbz-leucine" in (d), the title 
compound was prepared: MS(ES) M+H^s 598. 

Example 281 

15 Preparation of UN-i N-Chz4eucinvlVamino>3>N>methvl-N.(2>dibenzQfurm^ 
sulfonvlVaminfKpropan-2-one 

Following the procedure of Example 279(a)-(d), except substituting *'2- 
dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in (d), the dtle 
compound was prepared: MS(ES) M+ir=580, M+ Na+ = 602. 

20 

Example 282 

Reparation of methvM- N-( N-Cbz>leucinvlVamino-3> N-f2-dibenzQfunm- 
sulfonvlVamincvpmpan--?^ffi> 

Following the procedure of Example 279(a)-(d), except substiniting "2- 
25 dibenzofuran sulfonyl chloride ** for "Cbz-leucme and HBTU** in (a), the title 
compound was prepared: MS(ES) M-i-ir:=580 
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Example 283 

Preparation of 1-N- methvl-1 N-f N-Cbz-leiicinvn-aiiiino-3- N-f2-dibenzofuran- 
5ulfonvlV-amino-propan-2-one 

Following the procedure of Exaiiq)le 279(aHd), except substituting "2- 
5 dibenzofuran sulfonyl chloride" for "N-Cbz-leucine" in step (a) and "4-pyridyl 
methyleneoxy caibonyl-leucine " for "Cbz-leucine " in step (d), the title compound 
was prepared: MS(ES) M+H*=580. 

Example 284 

10 Preparation of l-N-f2-diben2ofiiran sulfonvlVN-methyn- ainiiin.-^N-fN-4-pvridvl. 

methyleneoxy carbonvl-leucinvn-amino-propan-2-one 

Following the procedure of Example 279(a)-(d), except substituting "4- 

pyridyl methyl amine" for "allyl amine" and "2-dibenzofuran sulfonyl chlraide" for 

"N-Cbz-leucine" in step (a) and " N-4-i^ridyl methyleneoxy carbonyl -leucinyl " for 
IS "N-Cbz-leucine and HBTU " in step (d). the title compound was prepared: MS(ES) 

M+H*=581. 

Example 285 

Preparation of l-N-T N-Cbz-leucinvn-amino-3-N-f 4-pvridvl-methvleneV3N-f N- 
20 Cbz-leucinvlV-amino-propan-2-Qne 

Following the procedure of Example 279(a)-(d), except substituting "4- 
pyridyl methyl amine " for "methyl amine" , the title compound was prepared: 
MS(ES)M+ir=674. 

25 Example 286 

Preparation of l-N.(Cbz-leucinvn-amino-3-N-r4-pvridvl-methvleneV3N-r2- 

dibenzofuran sulfonvlVaminQ-propan-2-one 

Following the procedure of Example 284(a)-(d), except substituting "2- 

dibenzofuran sulfonyl chloride "Cbz-leucine and HBTU" in step (d) , the title 
30 compound was prepared: MS(ES) M+ir=657. 
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Example 287 

Preparation of 1-N-rCb7.-leucilwlVaminQ-3■N■/4-l^vridv1-lm. thv1ent>^.^^^.f2 - 
dibenzofiitan nilfnnvlV.aniiiio.pmpan.2-on«> 

FoUowing die prooeduie of Example 284(aHd). except substituting "2- 
5 dibenzofuian sulfonyl chloride "Cbz-leucine and HBTU" in step (d) , the title 
compound was prepared: MS(ES) M-»-H*s6S7. 

Example 288 

Prep^tion of l-N-f4-biphenvl acetvn-ainino-3.N-r A.pvridvl-ini.fhvlene^-3N.r N- 
10 Cbz-leucinvlVaminn-prnpain-^^n^ 

Following the pnKedure of Example 279(a)-(d), except substituting "4- 
biphenyl acetic acid " for "Cbz-leucine " in step (a), "4-pyridyl methyl amine " for 
"methyl amine", the title compound was piepated: MS(ES) M+ir=:621. 

1^ Example 2«Q 

Prppitfation of l-N-f4-nhenoxv-hen7.oviVamino.3-N- /4-pvridvi-methvienevw-r m- 

Cbz-leiicinvn-amino-Dronaii-2.one 

Following the procedure of Example 279(aHd), except substituting "4- 
phenoxy benzoic acid " for "Cbz-leucine " in step (a). "4-pyiidyI metfiyl amine " for 
20 ''nwtiiyl amine", die title conipound was prepared: MS(ES)M-fir= (523. 



Example 200 

Preparation of l-N-f2-diben7.Qfiiran-sulfonv1Vamino-3.N.r 4 -Dvridvi-nii>thY| y^ff)- 

3N-r N-Cbz.leucinvn-aminn-pmpan-2.ftne 

Following ti» procedure of Example 279(aHd), except substituting "2- 
dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in step (a). "4-pyridyl 
methyl amine" for "mediyl amine", tiie titfe compound was prepared: MS(ES) 
M+H*=:657. 
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Example 291 

PreparatiPn of hlS-( N-3-pyri4Y»'m6thYlgnw;<;Y-gj^tK>ny»^^^^ 

methvl-N>f2-dibenzofiii^-sulfQnvlVamino-propan-2-one 

Following the procedure of Example 279(a)-(d), except substituting "N- 
5 methyl-N-allyl amine " for "allyl amine" in (a), and "3-pyridyl-methyleneoxy- 
carbonyl-leucine" for "Cbz-leucine" in step (d), the title compound was prepared: 
MS(ES)M+Fr=581. 



10 The above specification and Examples fully disclose how to make and use 

the compounds of the present invention. However, the present invention is not 
limited to the particular embodiments described hereinabove, but includes all 
modifications thereof within the scope of the following claims. The various 
references to journals, patents and other publications which are cited herein 

IS comprise the state of the art and are incorporated herein by reference as though fiilly 
set forth. 
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Wc claim: 
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10 ' B=VV.^^ 

>F=V 



L = C2.6alkyl, Ar-Co-ealkyl. Het-Co-6a"tyl. CH(R66)Nr60r68, 
CH(R66)Ar. CH(R66)OAr'. Nr66r67. 
15 M = C(0),S02; 
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G = 

X-Y 

J = C(0).S02; 

T = At. Het; 

V = C3.7cycloalkyl; 

W = H. -CN. -CF3. -NO2. -C0R7, -CO2R6 -CONHR6. 

-SO2NHR6. -NHSO2R6, -NHCOR7, -0-C0R6, -SR^, 

NR'R6. NR'(C=NH)NHR5, CI. Br. I, F; 
X = Y = Z = N, O.SorCR4 

provided that at least two of X, Y and Z are heteroatoms and at least 
one of X, Y and Z is N. or one of X. Y and Z is C=N. C=C or N=N 
and the other two are CR4 or N. provided that X, Y and Z together 
comprise at least two N; 

~ indicates a single or double bond in the five-membered 

heterocycle; 

m = 0, 1.2: 

n = 1 to 6; 

^ = 0, 1,2; 

Ar = phenyl, naphthyl, optionally substituted by one or more of 

Ph-Co.6alkyl. Het-Co-eaUcyl. Ci.galkoxy. Ph-Co-6alkoxy, 
Het-C().6alkoxy, OH. (CH2)i-6NR58r59, 
0(CH2)i.6Nr58r59; 

Ar' = phenyl or naphthyl, optionally substituted by one or more of 
Ph-Co.6alkyl, Het-Co-ealkyl. Ci.galkoxy, Ph-Co.6alkoxy, 
Het-Co-ealkoxy, OH, (CH2)i.6NR58r59, 
0(CH2)i-6NR58r59, or halogen; 

R* = H. Ci-6alkyl, Ar-Co.6alkyl. Het-Co^kyl; 

r1 =H.Ci-6alkyl; 

r2 = C4^alkyl, C4-6alkenyI, benzyl; 
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r3 = Ci.6alkyl. Ar-Co^alkyl. Het-Co-ealkyl, R^CO-. r5S02-, 

r50C(0)-, r5nHC0-; 
r4 = H, Ci^kyl, Ar-Co-6alkyl, Het-Co.6alkyi; 
r5 = Ar-o-6alkyI, Het-Co-eaM^y^J 

r6 = H. Ci.6alkyl, CH2CF3. Ar-Qj-ealkyl. Het-Co.6aIkyl: 

r7 = Ci-6alkyl, Ar-Co-ealkyl. Het-Co-ealkyl; 

r8 = H; C2.6 alkenyl; C2-6alkynyl; Het; Ar; Ci-6alkyl, 

optionally substituted by OR', SR", NR*2, CO2R', 

C02NR'2. N(C=NH)NH2, Het or Ar; 
r9 = H, Ci-6alkyl. Ar-Co-6alkyI, Het-Co-6alkyl; 
rIO = Ci-6alkyl. Ar-Co.6alkyI. Het-Co-eaUtyl: 
r1 1 = H. Ci-ealkyl. Ar-Ci.6alkyl, Het-Co-6alkyl, or 



Rl2 = H. Ci.6alkyl. Ar^ealM- Het-Co.6alkyl; 
R»3 = H. Ci.6alkyl, Ar-Co-6alkyl. Het-Co-ealkyl; 



Ci.6alkyl optionally substituted by 0R9, NR92, 

CONR^j, N(C=NH)NH-. Het or Ar; 
r16 = C2.6alkyl. C2.6alkenyl, C2-6alkynyl, Ar, Het, or C2.6alkyl 

optionally substituted by OR^. SR^, tiR\ C02R^. 

CONR92, N(C=NH)NH-. Het or Ar, 
R'9 = H, Ci^alkyl. C2.6alkenyl, C2.6alkynyl, Ar, Het, or 

Ci.6alkyl optionally substituted by OR^. SR^. NR^2' 

CO2R'. CONR92, N(C=NH)NH-, Het or Ar; 
r17 = r72 _ H, Ci-6alkyl. R*®, rIOqO)-, r10C(S)-, r10cx:(O)-; 



R 



,'9 



Rl4 

Rl5 
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r21 = r26 - C5.6alkyl; C2-6alkenyl; C3-1 icycloalkyl; T-C3. 
6alkyl; V-Ci.6alkyl;T-C2-6alkenyl; 
T-(CH2)nCHCn(CH2)n; optionally substituted by one or 
two halogens. SR20, OR20jqR20R27 qj Ci.4alkyl: 

r27 = r28co.r28oCO; 

R28 = Ci-6alkyl; C3- 1 icycloalkyl; Ar; Het; T-Ci-6alkyI; 

T-(CH2)nCH(T)(CH2)n: optionally substituted by one or 

two halogens, SR20, or20, NR20r73 Ci-ealkyl; 
r20 = r22 = r23 = r24 = r25 = r73 = h. C,.4alkyl. At-Cq. 

galkyl. Het-Co.6alkyl; 

r29 = 
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Cbz-Ieucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-iinidazoIe acetyl-leucinyl-, phenyl acetyl- 
leucinyl, N,N-diniethyl-glycinyI leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyl sulfonyMeucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-lcucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyK, biphenyl acetyl, 
alpha- isobutyUbiphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutainyl; acetyl-leucinyl-, 6- or 8* quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-aniino acid-; 2-,3-, or 4- pyridylmethyloxycaibonyl- 
aminoacid-; aryl Co-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-, 
aryl Cg-Cgalkyloxy carbonyi-amino acid-, heteroaryl 
Co-C6alkyloxy carbonyl-amino acid-, Ci-Cgalkyloxy 
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carbonyl-amino acid-; C i -Cgalkyl carbonyl, ary 1 
CQ-Cgalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyU 
aryl CQ-C^alkyl carbonyl, heteroaryl CQ-C^alkyl carbonyl, 
Ci-Cgalkyl sulfonyl, aiyl CQ-Cgalkyl sulfonyl, heteroaryl 
5 Co-Cgalkyl sulfonyl, aryl CQ-CffSkyl sulfonyl, heteroaryl 

Co-Cgalkyl sulfonyl; 

R30 = .H,Ci-6alkyi; 
r3U 



10 
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Cbz-leucinyl*; 2-, 3-, or4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-imidazoIe acetyl-leucinyl-, phenyl acetyl- 
5 leucinyl, N,N-diinediyl-glycinyl leucinyl, 4-pyridyl acetyl- 

leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-leucinyl. benzoyl-leuciny], 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 
alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl. Cbz- 
10 norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-» Cbz-epsilon- 

(t-bulyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

IS Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl- 

aminoacid-; aryl C^-Cgalkyloxy carbonyl-amino acid-, 
heteroaryi Co-Cgalkyloxy caibonyl-amino acid-, 
aiyl Co-C5alkyloxy carbonyl-amino acid-, heteroaryi 
CQ-Cgalkyloxy carbonyl-amino acid-, Ci-Cgalkyloxy 

20 carbonyl-amino acid-; C i-C6alkyl carbonyl, aryl CQ-Cgalkyl 

carbonyl, heteroaryi CQ-Cgalkyl carbonyl, aryl Co-Cgalkyl 
carbonyl, heteroaryi CQ-Cgalkyl carbonyl, Cj-Cgalkyl 
sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryi CQ-Cgalkyl 
sulfonyl, aryl Co-C5alkyl sulfonyl, substituted heteroaryi 

25 Co*C6^1 sulfonyl; 

r32 = CK:H2Ar, OCH2Ci.6alkyI, aiyl substituted CQ-^alkyl 

heteroaryi substituted Co-5alkyl,4-imidazole methylene; 2-, 
3-, or4-pyridylmethylheneoxy; 4-pyridyl methylene, 2- 
pyridyl sulfonyl, 4-pyridyl, aryl CQ-galkyloxy, 

30 heteroaryi substituted Co-6^kyloxy; 

r33 = Ci-galkyl, -CH2Ph. -CH2CH2C02R34; 
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r34 = -H. Ci-galkyl; 
R35 = Ar. HetAr; 

r36 s Aryl, heteroaryl, pyridyl. isoquinolinyl; 
R}^= Ci-galkyl, -CH2Ph. -CH2CH2C02R34; 
5 r38 

= Cbz; Ci-galkyl or aryl substituted 
Cbz; Ci-galkyl -CO; benzoyl; Ci-galkyl or aiyl 
substituted benzoyl; 
r39 = 
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Cbz-lcucinyl-; 2-, 3-, or4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-iinidazole acetyMeucinyl-, phenyl acetyl- 
Icucinyl, NJM-dimethyl-glycinyl leucinyl, 4-pyridyI acetyl- 
leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carix)nyl- 
leucinyl, acetyl-lcucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 
alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl- 
aminoacid-; aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl CQ-C^alkyloxy carbonyl-amino acid-, 
aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl Co-Cgalkyloxy caibonyl-amino acid-, C}- 
Cgalkyloxy carbonyl-amino acid-; Ci-Cgaikyl carbonyl, aryl 
CQ-Cgalkyl carbonyl, heteroaryl Co"C6alkyl carbonyl, 
aryl CQ-Cgalkyl carbonyl, heteroaryl Co^Cgalkyl carbonyl. 
Ci-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryl 
Co-Cgalkyl sulfonyl, aiyl CQ-Cgalkyl sulfonyl, heteroaryl 
CQ-Cgalkyl sulfonyl; 

R40=HandCi-6aIkyl; 

R41=HandCi-6alkyl; 

R^^ = Ci-galkyl, aryl substituted Cj-galkyl and hetero aryl 
substituted Cj-galkyl,; H when R^3 is Ci-galkyl, aryl substituted 
Cj-galkyl; and heteroaryl substituted Ci-galkyl; 
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r43 - Ci-galkyl, aiyl substituted Ci-galkyl and helcro aiyl 
substituted Ci-gaJkyl,; H when is Cj-galkyi, aryl substituted 
Ci-galkyl; and heteroaiyl substituted Cj-galkyl; 
= CH(R53)NR45r54, CH(R55)Ar, C5.6alkyl; 
5 r45 = r46 = r47 = r48 = r49 « r50 = r51 = H. CLgalkyl. 

Ar-Co.6aIkyl. Het-Co.5alkyl; 

R52 s At. Het, CH(R56)Ar. CH(R56)OAr. N(R56)Ar. Ci.6alkyl, 
CH(R56)NR46r57; 

R53 = C2.6alkyl. Ar-Co-ealkyl. Het-Co.6aIkyl. 
^0 R^^ and r45 may be connected to form a pyrrolidine or 

' piperidine ring; 
r54 = r57 = r47^ r47c(0), R47c(S). r47oC(0): 
r55 = r56 = r58 = r59 = h. Ci.6alkyl. Ar-Co-aalkyl. Het-CQ. 
6alkyl; 

15 R60 = R61=R62 = R63 = R64 = H.Ci.6aikyl. 

Ar-Co-ealltyJ. or Het-Co-6aIkyl; 
R65 = Ci.galkyl. Ar. Het, CH(R69)Ar. CH(R69)OAr. N(R69)Ar. 
CH(R69)NR61r70; 

r66 = r69 = r7U H, Ci.ealkyl. (CH2)o-6-C3.6cycloalkyl. 
20 Ar-Co-ealkyl, Het-Co-ealkyl; 

R67 = Ci.6alkyl, (CH2)o.6-C3^cycloalkyl, Ar-Co.6alkyI, 

He*-Q>^alM: R^^ and r67 may be combined to form a 
3-7 membeted monocyclic or 7-10-membered bicyclic 
carbocyclic or heterocyclic ring, optionally substituted with 
2^ '-4 of Ci.6alkyl. Ph-Cb^aikyl. Het-Co^alkyl, Ci.6alkoxy, 

Ph-Co.6alkoxy. Het-Co.6alkoxy, OH, (CH2)i.6NR58r59, 
0(CH2)i6NR58r59; r68 = r70 « r62, r62c(0). r62c(S). 
R62oC(0), r62oC(0)NR59cH(R71)(CO); 

30 and phaimaceutically acceptable salts thereof. 
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2. A compound according to Claim 1 wherein: 




S3. A compound according to Claim 2 wherein A is Leu. 

4. A compound according to Claim 2 wherein W is CN, NHR^. SR^, CONHR^ 
orC02R6. 

10 5. A compound according to Claim 2 wherein R^ is H, methyl or isobutyl. 

6. A compound according to Claim 2 wherein r3 is r50C(0)-. 

7. A compound according to Claim 2 selected from the group consisting 
15 of:(2S,rS)-2-(benzyloxycarbonyl)amino-N-[r-(2-carboxythia2ol-4-yl)-3*- 

methylbutyl]-4-methylpentanamide; 

(2S, 1 •S)-2-(bcnzyloxycarbonyl)amino-N-[ 1 •-(2-carboxamidothiazol-4-yl)-3*- 
methylbutyl]-4-methylpentanamide; 

2S,rS)-2-(benzyloxycarbonyl)amino-N-[r-(2-carboethoxythia2oM-yl)-3'- 
20 methylbutyl]-4-methylpentanamide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 •-(2-cyanothiazol-4-yl)-3*-meihylbutyl]- 
4-methylpentanamide; 

(2S, 1 *S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-[2-(N'-benzy lcarboxamido)thiazol-4- 
yl]-3-methylbutyl]-4-methylpentanamide; 
25 (2S, 1 'S)-2-(benzyloxycarbony l)amino-N-[ 1 •-(2-[N*.(3- 

methylpropyl)carboxamido]thiazol-4*yl)]-3-methylbutyl]-4-methylpentanamide; 

(2S.rS)-2-(benzyloxycarbonyl)amino-N-(r-[2-[N'-(2- 

phenylethyl)carboxamidolthiazol-4-yl)]-3-methylbutyll-4-methylpentanamide; 
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(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 -(4-carboethoxythiazol-2-yl)-3'- 
inethylbutyl]-4-methylpentanainide; 

(2S, 1 'S)-2-(benzyIoxycarbonyl)aiiuno>N-[ 1 '-(4-carboxythiazol-2-y l)-3^ 
incthylbutyl]-4-methylpcntanamide; 
5 (2S J •S)-2-(bcn2yloxycarbonyl)amino-N-[ 1 -(4-carboethoxythiadiazol-2-yl)-3'- 
methylbutyll^-methylpcntanamide; 

(2SJ'S)-2.(bcnzyloxycarbonyl)amino-N-[r.(2K:arbo-2.2,2"trifluorocA^^ 
4-yl)-3-melhylbutyIH-mcthylpentanainidc; 

(2S, 1 'S)-2-(benzyloxycarbonyl)ainino-N-[ 1 •-(4-carboethoxyoxadiazoI-2-yl).3'. 
10 mcihylbutyll-4-melhyIpcnlanainide; 

(2S, 1 'S)-2-(benzyloxycarbonyl-L-lcucinyI)ainino-N-[ 1 '-(4 carboethoxythiazol-2-yl)- 
3'-meihylbutyl]-4-methylpentanainide; 

(2S, 1 *S)-2-(benzyloxycarbonyl)ainino-N-1 1 *-(4-carboxamidooxadiazol-2-yl)-3'- 
nielhylbutyl]-4-methylpentanamide; 
15 (2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 *-(2-carboethoxythiazol-4-yl)-3'- 
methylbutyI]-3-phcnylpropanamide; 

(2S , rS)-2-(ben2yloxycarbonyl-L-leucinyl)amino-N-( r-(2<arboelhoxythiazoM-yl^ 
3-methylbutyl]-4-methylpentanainide; 

(2S, 1 •S)-2-(beii2yloxycarbonyl)amino-N-[ 1 •-(5-mercapto- 1 ,2.4-oxadiazol-3-yl)-3*- 
20 methylbutyl]-4-methylpentanamide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)ainino-N-[ 1 '-(2-mercaptothiazol-4-yl)-3'- 
inethylbuiyIl-4-methylpentanamidc; 

(2S)-2-(benzyloxycarbonyl)amino-N-(4-carboethoxythiazol-2-yl)mc% 
methylpentanamide; 

25 (2S, 1 'S)-2-(benzyloxycarbony l)ainino-N-[ 1 -(2-bcnzyloxycarbonylthiazol-4-yl)-3'- 
methylbutyl].4-incthylpcntanainide; 

(2S, 1 'S)-2-(bcnzyloxycarbonyl)ainino-4-inethyI-N-[3 -methyl- 1 '-(2- 
phenoxycarbonylthiazol-4-yl)butyl]pcntanainidc; 
(2S J*S)-2-(benzyloxycacbonyl)amino-4-methyl-N-[3*-methyl- 1 -[2-(2- 
30 niethylpropyloxycarbonyl)thiazol-4-yl]butyl]pentanainide; 
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(2RJ'S)-2-(bcnzyloxycarbonyl)amino-N-[lX4K»ffboeihoxyA^ 
methylpentanamide; 

(2RJ*R)-2-(benzyloxycarbonyl)ainino-N-[r-(4<arboeth^^ 
methylpentanamide; and 
5 (2S, 1 'Syti'l I -(2-aminoihiazol-4-yl)-3 -mcthylbutyIl-2-(benzyloxycarbonyJ)amino- 
4-methylpentanamide. 

8. A compound according to Claim 1 wherein: 



R 



12 



o 

II 




9. 



A compound according to Claim 8 wherein B is 





15 10. A compound according to Claim 9 wherein Ms f^"^' ^ 
andR^^areH. 




andRl2 



11. A compound according to Claim 8 wherein E is absent. 



20 12. A compound according to Claim 8 in which R^^ is 



13. A compound according to Qaim 8 in which R^^ or R'^ are i-Bu. 
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14. A compound according to Claim 8 which is: 




15. A compound according to Claim 8 wherein r72 jg rIOoc(O)-. 

5 

16. A compound according to Claim 8 selected from the group consisting 

of:(lS)-N-[4-[(l-benzyloxycarbonylaniino)-3-methylbutyl]thia2ol-2-ylcarbonylJ-N'- 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 

N-benzyloxycarbonyl-L-leucinyl-N*-benzyloxycarbonyl-L-leucinyl-L- 
10 leucinylhydrazide; and 

( I S)-N-[2-[( 1 -benzyloxycarbonylamino)-3-methylbutyl]thiazol-4-ylcarbonyl]-N - 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide. 

17. A compound according to Claim 1 wherein: 



15 



R 



|22 



R 



,25 



D = 




18. 



A compound according to Claim 17 wherein: 

and R26 are selected from the group consisting of: 
N-Cbz-Ieucinyl. N-Cbz-glycinyl. N-acetyHeucinyl, N-Cbz-alanyl, 



20 



O 




R22=r23=r24=r25 = h. 



236 



wo 97/16433 



PCT/US96/18000 



19. A compound according to Claim 17 selected from the group consisting 
of:2,2*-(N,N-bis-benzyloxycarbonyl-L-leucinyl)carbohydrazide; 
2,2-(N,N-bis-cyclohexyIacetyl)carbohydrazide; 
2,2'-(N,N*-bis-4-methyIpentanoyl)carbohydrazide; 

5 2,2'-(N,N'-bis-cycIopenlylacety!)carbohydrazide; 

2,2'-(N,N*-bis-benzyloxycarbonylglycinyl)carbohydrazide; 
2,2-(N,N'-bis-acetyl-L-leucinyI)carbohydrazide; 
2,2'-(N,N-bis-benzyloxycarbonyl-L-alanyl)carbohydrazide; and 
2-(N-benzyloxycarbonyI-L-leucinyl)-2*-[N-(4-methyIpentanoyl)]carbohydra2ide. 

10 

20. A compound according to Claim 1 wherein: 

H 

IS 21. A compound according to Claim 20 wherein R^^ is selected from the group 
consisting of -Me and -CH2CH2Me2. 

22. A compound according to Claim 20 wherein R*^^ is selected from the group 
consisting of -Pr, -Bu, and -CH2CH2Me2. 

20 

23. A compound according to Claim 1 wherein R^^ is -r-Bu. 

24. A compound according to Claim 20 selected from the group consisting of: 
bis-(Cbz-leucinyl)- 1 ,3-diamino-propan-2-one; 

25 bis- 1 ,3-(4-phenoxy-benzoyl)-diamino-propan-2-one; 

l-(Cbz-leucinyi)-amino-3-(acetyl-leucinyl)-amino-propan-2-one; 

1 -(Cbz-leuciny l)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one; 

l*(Cbz-leucinyl)-amino-3-(Cbz-glutamy])-aniino-propan-2-one; 

bis- 1 ,3-(Cbz-Ieucinyl)-dianuno-(S)-butanone-2-one; 
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l-(Cbz-leucinyl)-amino-3-(Cbz-phenylalanyl)-amino-propan-2-one; 
l-(Cbz-leucinyl)-amino-3-(Cbz-norIeucinyl)-ainino-propan-2-one; 
l-(Cbz-leucinyI)-ainino-3-(Cbz-norvalinyl)-aiiiino-propan-2-one; 
bis- 1 ,3-(Cbz-leucinyl)-diamino-S-methyHS)-hexaii-2-one; 
5 1 -(acetyl-leucinyl)-amino-3-(4-phenoxy-benzoyl)-amino-pn>pan-2-one; and 
l-(Cbz-homo*leucinyl)-amino-(Cbz-leucinyI)-3-amino-propan-2-one. 

25. A compound according to Claim 24 known as l*(Cbz-leucinyl)-amino-3- 
(acetyl-ieucinyl>amino*propan-2K>ne. 

10 

26. A compound according to Claim 1 wherein: 




IS 27. A compound according to Claim 26 wherein: 




r35 is selected from the group consisting of Ph, or pyridine. 

28. A compound according to Claim 27 known as bis- 1 .3-(4-(3-chloro-2-cyano- 
phenoxy)-phenyl sulfonamido)-propan-2-one. 

20 

29. A compound according to Claim 27 known bis- 1 ,3-(4-phenoxy-pheny 1 
sulfonamido)-propan-2-one. 



238 



wo 97/16433 



PCT/US96/18000 



30. A compound of Claim 1 wherein: 




S 31. A compound according to Claim 30 wherein R^^ is selected from the group 
consisting of: 




CI 

10 

32. A compound according to Claim 30 wherein r37 of said compound is Me. 

33. A compound according to Claim 3 1 selected from the group consisting of: 
l-(Cbz-leucinyl)-amino*3-(4-(3-chloro-2-cyano-phenoxy)phenyl sulfonamido)- 

15 propan-2-one; 

1 -(Cbz-leucinyl)- amino-3-(tosyl-amino)-propan-2-one; 

l-(Cbz-leucinylVamino*3'((4-phenoxy-phenyl>sulfonamido)propan-2-one; 

1 -(Cbz-leucinyI)-ainino-3-(2-dibenzofuransulfonaniido)-propan-2-one ; 

1 -(Cbz-homo-leuciny l)-aniino*3-(2-dibenzof uransulfonamido)propan-2-one; and 
20 N(Cbz-leucinyl)-anuno-3*(2-dibenzofuransulfonamido)-(S)-butan-2-one. 

34. A compound according to Claim 33 known as l-(Cb2-leucinyl)-amino-3-((4- 
phenoxy-phenyl)-suIfonamido)-pn}pan-2-one. 
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35, A compound according to Claim 33 known as HCbz-leucinyl)-amino-3-(2- 
dibenzofuransulfonamido)-(S)-butan-2-one. 

5 36. A compound according to Claim 33 known as l-(Cbz-lcucinyl)-amino-3-(2- 
dibenzofuransuIfonamido)-propan-2-one. 

37. A compound according to Claim 1 wherein: 



38. A compound according to claim 37 wherein R^^ jg 2- 
dibenzofuranylsulfonyl. 

15 39. A compound according to Claim 38 selected from the group consisting of: 
(S)-phenylmethyl ( l-[[[3-[benzyloxycarbonyMeucinyl-aminol-2- 
oxopropyl]- 1 -(benzyl)amino]carbonyl]-3-methylbutyl]carbamate; 

(S)-Phenylmethyl [ 1 -[[[3-[(2-dibenzofuranylsulfonyl)amino]-2-oxopropyl]- 
3-(benzyl)amino]carbonyl]-3-methyIbutyI]carbamate; 
20 (S)-Phenylmcthyl [l-(I[3-[(2-dibenzofuranyIsulfonyl)aminoJ-2-oxopropyl]- 

3-(4-pyridinylmethyl)amino]carbonyll-3-methylbutyl]carbamate; 

I-I[[3-I(2-dibenzofuranylsulfonyl)amino]-2-oxopropyIl-3-(4- 
pyridinylmethyl) benzamide; and 

(S)-Phenylmcthyl [ 1 -[[(3-[(2-dibenzofuranylsuIfonyI)amino]-2-oxopropyl]- 
25 l-(4-pyridinylmethyl)amino]carbonyl]*3-methylbutyl]carbaniate. 



10 D=: 




andQ= 
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40. A compound according to Claim 39 known (S)-pheny Imethyl [ 1 -[[[3-[(2- 
dibenzofuranylsulfonyl)amino]-2-oxopropyl]- 1 -(4- 
pyridinylmethyI)amino]carbonyl]-3-mcthyIbulyl]carbamate. 

5 41. A compound according to Claim 39 known as (S)-phenylmcthyi [ l-[[[3- 
[benzyloxycarbonyl-leucinyl-amino]-2-oxopropyl]-l-(benzyl)amino]carbonyl]-3- 
methylbutyl]carbamate. 

10 

42* A compound according to Claim 1 wherein: 




15 43 . A compound according to Claim 42 wherein: 
= CH(R53)NHR54; 
r45, r46^ r48^ r49, r50 and r51 are H; 
r47 is independently CH3, benzyl, 2-pyridinylmethoxy, 4- 
dimethylaminobenzyl; 
20 J = C(0); 

r52 = Ar, CH(RlO)Ar, CH(RlO)OAr, N(RlO)Ar, CH(R10)NR"R1 1; 
r53 = ethyl, i-Bu; 
r54 = r47^ r47c(0). r470C(0); 
r56 = h. CH3, i-Bu; 
25 r57 = r47 r47oC(0); 

Ar = phenyl or naphthyl, optionally substituted by one or more of Ph-CQ. 
galkyl. Het-Co-ea^M. Ci.6alkoxy. Ph-Co.6alkoxy, Het-CQ. 
galkoxy. OH. (CH2)i-6NR58r5^. 0(CH2)i.6NR^*R^^; 
r58, r59 = H, Ci^galkyl. Ar-Co-ea^yl; Het-Co-ealM 
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44. A compound according to Claim 42 selected from the group consisting of: 

2.[N-(N.benzyIoxycarbonyl-L-leucinyl)]-2'-[N'-(4. 

phenoxyphenylsulfonyl)]carbohydrazide; 

5 2-[N-(N-benzyloxycarbonyl-L-alanyl)]-2'-[N-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide; 

2-[N-(N-ben2yloxycarbonyl-L-leucinyl)]-2'-[N'-(4-phenylbenzoyI)]carbohydra2ide; 
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(4- 
methoxybenzoyl)]carbohydrazide; 
10 2-(N-(N-bcnzyloxycarbonyl-L-leucinyl)]-2*-[N'-(4. 
phenoxybenzoyOJcarbohydrazide; 

2-(N-acetyl)-2'-[N'-(N-ben2yloxycarbonyl-Heucinyl)]carbohydrazide; 
2-[N-(N-acetyl-L-leucinyl)l-Z-[N*-(N-benzyloxycarbonyl-L-. 
alanyl)]carbohydrazide; 
15 2-{N-(N-acetyl.L-alanyl)].2'.[N*-(N-benzyloxycarbonyl-L. 
leucinyl)]carbohydrazide; 

2-[N-(N.benzyloxycarbonyl-Heucinyl)l.y-[N'-[4-(N,N- 

dimethylaminomethyl)benzoyI)]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)l-2*-[N*-[4.hydroxy-[3-(4. 
20 morpholinomethyl)]]benzoyl]carbohydrazide; 

2-[N.(N-benzyloxycarbonyUL-leucinyI)l-2-[N'-[4-(N.N. 

dimethylaminomethyl)benzyloxy]carbonyl-L-Ieucinyl]carbohydrazide; 

2-(N-benzoyl)-2'-[N-(N-bcnzyloxycarbonyl-L-leucinyl)]carbohydimide; 

2-IN-(N-benzyloxycarbonyl-L-leucinyI)l-2'-[N'.[3-(4- 
25 morpholinomethyl)benzoyl]]carbohydrazide; 

2-[N-(3-benzyloxyben2oyl)]-2*-[N-(N-benzyloxycarbonyl-L- 

leucinyl)]carfoohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-Z-[N'-[4-[3-{N-N-dimelhylamino)-l- 
propyloxy]benzoyl]]carbohydrazide; 
30 2-[N-(2.benzyloxybenzoyl)]-2'-[N'-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide; 
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2-[N-(N-bcnzyloxycarbonyl-L-leucinyl)l-2'-[N*-[3-(4- 
pyridylmethoxy)benzoyl]]carfoohydrazide; 
2-[N-(4-benzyloxybenzoyl)]-2'-[NXN-bcn2yloxycarix)nyl-L- 
leucinyl)]carbohydrazide; 
5 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N-(3-benzyloxy-5- 
methoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-Ieucinyl)l-2-[N'-(3-benzyloxy-4,5- 
dimethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2*-[N-(3-bcnzyloxy-5- 
10 ethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonylglycinyl)]-2-[N-(N-bcn2yIoxycarbonyl"L- 
leuciny l)]carbohydrazide ; 

2-[N-(3-ben2yloxybenzoyl)]-2-[N-(N-benzyloxycarbonyl-L- 
prolinyl)]carbohydrazide; 
15 2-(N-(N-bcn2yloxycarbonyl-L-leucinyI)I-y-[N'-(4- 
phenylphenyiacetyl)]carbohydrazide; 

(2*S)-2-[N-(3-benzyloxybenzoyl)]-2-[N-(N-bcnzyloxycarbonyl-2- 
aminobutyryl)]carbohydrazide; 
2,2'-{N,N'-[bis-(4-phenylphenylacetyl)]]carbohydrazide; 
{2*RS)-2-[N-(N.bcnzyloxycarbonyl-L-leucinyi)]-2'-[2-(4- 
phenylphenoxy)propionyl]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2'-[N'-(4-methylpentanoyl)]carbohydrazide; 
(2RS, TRS)-2,y-[N,N'-[bis-[2-(4-phenylphenyl)-4- 
inethylpentanoyl)]]]carbohydrazide; 

(TRS)-2-[N-(N-benzyloxycarbonyI-L-lcucinyl)]-2'-[N'-[2-(4.phenylpte 
methylpentanoyl)]]carbohydrazide; 

{2'RS)-2-[N-(3-benzyloxybenzoyi)]- 2'-[N'-[2-(4-phenylphenyl)^. 
methylpentanoyl)]]carbohydrazide; 

2-[N-(3-bcnzyloxybenzoyl)l-2-tN'-(N-bciizyloxycarbonyl-N-inethyl-L- 
leucinyl)]carbohydrazide; 
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2-[N-(3-bcnzyloxybcnzoyl)l-2'-[N'-[N-(2-pyridinylmethoxycarbonyl).L- 
leucinyl]]carbohydrazide; 

2-[N-[3-(4-pyridylmethoxy)benzoyl]]-2'-IN*-[N-(2-pyridinylmethoxycarto 
leucinyl]]carbohydrazide; 

5 (2RS)-2-[N-[2.(4-phenylphenylH.incthylpcntanoyl)]].2'-[N*-{N-(2- 
pyridinylmethoxycarbonyl)-L-leucinyl]]carbohydrazide; 

2-(N-(N-bcnzyloxycarbonyl-L-leucinyl)]-2'-[N'-(2-(4-phenylphenyl)-4- 
methyIpentanoyl)]]carbohydrazide; 

2-[N-(N-ben2yloxycarbonyl-L-Ieucinyl)]-2-IN'-I2-(4-phenylphenyl)-4- 
10 methylpentanoyl)]]carbohydrazide; 

2-[N-(N-bcnzyloxycarbonyl-L-leucinyl)l-2-[N-(N-(4-phenylphenyl)-N-(2- 
methylpropyl)carbamoyl]]carbohydrazide; 

2-(N-(3-benzyloxybenzoyl)]-2'-[N'-(N-incthyl-L-leucinyl)]carbohydrazidc; and 
2-(N-(N-benzyloxycarbonyI-L-Ieucinyl)l-2'-[N'-(N-ineihyl-L- 
1 S leuciny l)]carbohydrazide. 

4S. A compound according to Claim 1 wherein: 



•-"G andQ= 
A compound according to Claim 45 wherein G is: 




25 47. A compound according to Claim 45 wherein r63 is H and r64 is h. 

48. A compound according to Claim 45 wherein R^^ is i-butyl and r69 is 
i-butyl. 
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49. A compound according to Claim 45 wherein 

50. A compound according to Claim 49 wherein 

r69 

is i-butyl. 

5 

51. A compound according to Claim 50 wherein I is H. 

52. A compound according to Claim 49 wherein R^O is r62oC(0). in which 
R62is 

10 




53. A compound according to Claim 45 wherein R^^ or CH(R6^)Ar , in 
which At in said R^^ group is 




54. A compound according to Claim 45 wherein L is 

CH(R4)NR'R6 CH(R4)Ar, NR4r5, CH(R4)0Ar', Ar. or Het. 

20 
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55. A compound according to Claim 54 wherein is i-butyl. 



56. A compound according to Claim 45 wherein L is 

CH(r66)Nr60r68 CH(R66)Ar, NR66r67 CH(R66)OAr\ Ar, or Hel, 
5 in which Ar in said L group is 






CI 





OMe 



or 



XX' 



10 



57. A compound according to Claim 54 wherein L is Het, in which said Het is 




15 



58. A compound according to Claim 54 wherein L is NR66r67 



59. A compound according to Claim 54 wherein L is CH(R^)R60r68 
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60. A compound according to Claim 4S which is: 

Ar X— Y O 
S 61 . A compound according to Claim 45 which is: 

p66 o R" 

R 

62. A compound according to Claim 45 selected from the group consisting of: 
1 0 ( lS)-N-[2-[( 1 -benzy loxycarbony lam]no)-3-methylbutyl]thiazol-4- 

yicarbonyl]-N'-(4-phenoxyphenylsulfonyl)hydrazide; 

( I S)-N-[4-[ 1 -(N-benzyloxycarbonyl-L-leucinylamino)-3- 
methylbutyl]thiazoI-2-ylcarbonyiJ-N-(N-benzyloxycarbonyi-L-leucinyl)hydrazide; 
(lS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4- 
15 ylcarbonyl]-N'-(4*phenylphenylacetyI)hydrazide; 

(lS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4- 
ylcarbonyl]-N-[3-(4-pryidinylmethoxy)benzoyI]hydrazide; 
^ N-[2-(2-chlorophcnoxymethyl)thiazol-4-ylcarbonyl]-N-IN-(4- 

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 
20 N-[N-(4-pyridinylmethoxycarbonyl)-L-leucinyl]-N*-[2-[4-( 1 ,2,3-thiadiazol- 

4-yl)phenyl]thiazoM-ylcarbonyl]hydrazide; 

N-[2-[3-(4-chlorophenylsulfonylmethyl)thien*2-ylJthia2ol-4-ylcarbonyl]-N- 
[N-(4-pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

(lS,2'RS)-N-[2-[(l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4- 
25 ylcarbonyl]-N'-[2*-(4-phenylphenylacetyl)-4-methylpentanoyi]hydrazide; 
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N-[2-(3-bcn2yloxyphcnyl)thiazoI-4-ylcarbonyl]-N'-[N-(2- 
pyridinylmethoxycarbonyl)-L-leucinyI]hydrazide; 

( 1 RS)-N-[2-[ 1 -(4-phcnylphcnyI)-3-methylbutyl]thiazoM-ylcarbonyll.N'-[N. 
(4-pyridinylinethoxycaibony])*L*leuciny]]hydrazide; 
5 N-[2-(2-benzyloxyphenyI)thia2ol-4-ylcarbonyl]-N'-(N-(4- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-(N-niethyl-N-(4-phcnylphenyl)amino]thiazol-4-ylcarbonylJ-N*-[N-(4- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-bcnzyloxycarbonyl-L-leucinyl)-N'-[2-(4-phenylbenzyl)thia2oM- 
1 0 ylcarbonyljhydrazide; 

N-[2-(4-phenylphenylbenzyl)thiazoM-ylcarbonyll-N'-[N-(4- 
pyridinylmethoxycarbonyO-L-IeucinylJhydrazide; 

N-(N-benzyloxycarbonyl-L-leucinyl)-N'-[2-[N-(2-incthylpropyl)-N- 
phenyIamino]thiazol-4-ylcarbonyl]hydrazide; 
15 N-[2-[N-(2-methylpropyl)-N-phenylaminolthiazol-4-ylcarbonyl]-N-IN-^^^ 
pyridinylxnethoxycarbonyI)-L-leucinyl]hydrazide; 

N-[2-(2-ben2yloxyphenyl)thiazoM-ylcarbonyl]-N-[N-(3- 
pyridinylinethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-(2-bcnzyloxyphcnyJ)thiazoM-yIcarbonyll-N'-[N-(2- 
20 pyridinylinethoxycarbonyl)*L-leucinyl]hydrazide; 

N-(N-bcnzyloxycarbonyI-N-meUiyl-Hcucinyl)-N'-I2-(2- 
benzyloxyphenyl)thiazol-4-yIcarbonyI]hydnizide; 

N-[2-[N-(2-methylpropyl)-N-phenylamino]thiazoM-ylcarbonyl]-N'-[N-( 
pyridinylmethoxycarbonyl)-L-leucinyI]hydrazide; 
25 N-[2-[N-(2-methylpropyl)-N-phenylanwno]thiazol-4-ylcarbonyl]-N'-[N^^ 
pyridinyImethoxycarbonyl)-L-lcucinyl]hydrazide; and 

N-[2-(2-methoxyphenyl)thiazol-4-ylcarbonyl]-N-[N-(4- 
pyridinylmethoxycarbonyl)>L-leucinyI]hydrazide. 

30 63. A pharmaceutical composition comprising a compound according to Claim 1 
and a phannaceutically acceptable carrier, diluent or excipient. 
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64. A method of inhibiting a cysteine protease comprising administering to a 
patient in need thereof an effective amount of a compound according to Claim 1. 

S 65. A method according to Claim 64 wherein said cysteine protease is cathepsin 

66. A method of treating a disease characterized by bone loss comprising 
inhibiting said bone loss by administering to a patient in need thereof an effective 
10 amount of a compound according to Claim 1 . 



67. A method according to Claim 66 wherein said disease is osteoporosis. 

68. A method according to Claim 66 wherein said disease is periodontitis. 

69. A method according to Claim 66 wherein said disease is gingivitis. 



15 



70. A method of treating a disease characterized by excessive cartilage or matrix 
degradation comprising inhibiting said excessive cartilage or matrix degradation by 

20 administering to a patient in need thereof an effective amount of a compound 
according to Claim 1. 

71. A method according to Claim 70 wherein said disease is osteoarthritis. 

25 72. A method according to Claim 70 wherein said disease is rheumatoid arthritis. 
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